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REMARKS 

With this response, claims 2, 3, and 19-21 have been amended, and new claims 26-37 
have been added. Claims 4-18 and 24 have been cancelled, without prejudice or disclaimer. Thus, 
upon entry of this response, claims 2-3 and 19-23, and 25-37 will be pending. 

Claim 2 has been amended to independent form, and to recite the subject matter of claim 
24, now cancelled, without prejudice. This amendment is further supported by the specification at, 
e.g., page 34, lines 2-6. 

Claim 3 has been amended to recite that the LI element comprises a sequence at least 
95% similar to nucleotides 1 -884 of SEQ ID NO: 1 . This is supported by the specification at, e.g. , 
page 11, lines 2-21, and page 34, lines 6-20. 

Claims 19-21 have been amended to depend from claim 3. 

New claim 26 and 32 recite that the LI element comprises the sequence of residues 1- 
884 of SEQ ED NO:l. This is supported at, e.g., page 11, lines 2-21. New claims 27 and 33 recite 
that the LI element comprises SEQ ID NO:l. This is supported at, e.g., page 11, lines 10-11. New 
claims 28 and 34 recite that the region of the genome is within 5 million bases on either side of the 
SLE-associated marker. This is supported at, e.g., page 47, lines 7-11. New claims 29 and 35 recite 
that the region of the genome is within 1.7 cM on either side of the SLE-associated marker. This is 
supported by, e.g., Example 2 at page 58, lines 7-9. New claims 30 and 31 correspond to claims 22 
and 23. Finally, new claims 36 and 37 are supported by the specification by, e.g., Examples 1 and 2 
(pages 57-58 of the specification). 

Thus, upon entry of the present amendment, the independent claims will read as follows: 

2. A method of identifying candidate genes involved in systemic lupus 
erythematosus (SLE), comprising 

identifying a region of the genome adjacent to an SLE-associated marker, 

and 
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selecting any gene in the region having a distance between the first 
nucleotide of the gene and the first nucleotide of an LI element of less than 
about 200,000 base pairs as a candidate gene involved in SLE, 

wherein the LI element comprises a sequence at least about 95% similar 
to the sequence of nucleotides 1 -884 of SEQ ED NO: 1 . 

3. A method of identifying candidate genes involved in SLE, comprising 
identifying a region of the genome adjacent to an SLE-associated marker, 

and 

selecting any gene in the region containing an LI element in an intronic 
region or in a 5' or 3' regulatory region as a candidate gene involved in SLE, 

wherein the LI element comprises a sequence at least 95% similar to the 
sequence of nucleotides 1-884 of SEQ ID NO:l. 

36. A method of identifying candidate genes involved in systemic lupus 
erythematosus ( SLE ), comprising 

identifying a gene containing an LI element in an intronic region or in a 
5 ' or 3 5 regulatory region, and 

selecting any gene within 1.7 cM of an SLE-associated marker as a 
candidate gene involved in SLE, 

wherein the LI element comprises a sequence at least 95% similar to the 
sequence of nucleotides 1-884 of SEQ ID NO:l. 

No new matter has been added by way of this response. Each of the Examiner's 
objections and rejections are addressed below. 

The Finality of the Office Action Should Be Withdrawn 

The Examiner made the January 26, 2004 office action final on the alleged basis that 
Applicant's amendment to include the sequence of SEQ ID NO:l and sequences having at least 
95% sequence similarity to SEQ ID NO:l necessitated new grounds of rejection, specifically a 
written description rejection (see page 10 of the office action). 1 

In response, the Examiner's attention is respectfully drawn to original claim 2 , which 
recited an LI sequence at least 95% similar to nucleotides 1-884 of SEQ ID NO:l. If the Examiner, 
for some reason, considers that this limitation is not supported by the specification in a manner 
complying with the written description requirement of 35 U.S.C. §112, this issue should have been 
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raised in the first office action. Thus, no claim amendment made in the response filed November 4, 
2003 could necessitate any "new" grounds of rejection, and the Examiner cannot make the second 
office action final based upon claim limitations already examined prior to the issuance of the first 
office action. Accordingly, the finality of the January 26, 2004 office action should be withdrawn . 

Claim Objections 

The Examiner objects to claim 2 depending from claim 3, and requests correction to 
place claim 2 after claim 3. With this response, claim 2 has been amended to independent form, 
thus rendering this objection moot. 

Enablement 

The Examiner has rejected all claims as allegedly not complying with the enablement 
requirement. Specifically, the Examiner argues that "the Examiner is not aware of a working 
example that featured the method as applied to an affected, or predisposed patient to SLE and the 
concurrent discovery of the associated marker and LI" (Office Action, page 10, 1 st paragraph). It is 
noted, however, that the Examiner acknowledges that the need for a mechanism [by which the 
present invention functions] is not required (Office Action, page 9-10, bridging sentence). 

This rejection is respectfully traversed. First, it is noted that the Examples, particularly 
Examples 2 and 4, describe SLE susceptibility loci being found to be in proximity to LI elements. 
To further establish that the invention is, in fact, enabled, the Examiner's attention is drawn to the 
following findings. 

• A chromosomal locus statistically linked to SLE susceptibility and described 

in the specification harbor full-length LI elements. 

• A gene associated with those LI elements has recently been shown to be 

abnormally expressed in SLE. 



1 It is noted that this rejection is traversed in the section entitled "Written Description". 
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• Treating SLE has recently been shown to lead to a reduction of expression of 
that gene product. 

These observations, showing that the present disclosure provides adequate guidance as to 
the claimed method of identifying candidate genes involved in SLE, are discussed in more detail in 
the following sections. 

The D4S403 Marker Region Contains Two LI Elements. As described in Table 1 of the 
specification, D4S403, a marker associated with SLE susceptibility, is located on chromosome 4p. 
Initial analysis of this marker identified two LI elements having at least 98% sequence identity to 
the reference LI sequence. These LI elements were located at approximately 0 and 3 million bases 
distance from the marker, respectively (see Table 1, 6 th row at page 74; and claims 2, 3, and 36). 

The D4S403 Region Contains the CD 3 8 Gene. Specifically, the D4S403 marker region 
contains the gene encoding for CD38 antigen. Attached to this response are two entries from the 
UniSTS database at the NCBI PubMed website (www.ncbi.nlm.nih.gov/entrez/), the UniSTS 
database being a NCBI resource that reports information about markers, or Sequence Tagged Sites 
(STS). The first entry, attached at Tab 1, reports that D4S403 is located roughly at position 13.5 
Mbp according to the SequenceMap. The second entry, attached at Tab 2, reports that the gene 
encoding the CD38 antigen is located on chromosome 4, roughly at position 15.6 Mbp according to 
the SequenceMap. Accordingly, the gene encoding the CD38 antigen is within 5 million base pairs 
from the D4S403 marker (see new claims 28 and 34). 

The CD 3 8 Gene Contains A Full-Length LI Element. It has now been found that the 
intronic LI element referred to in Table 1 as being located at approximately 3 million bases from 
the D4S403 SLE susceptibility marker is located in an intronic segment of the CD38 gene. This 
was discovered by a research group headed by Dr. Batzer, which group has published reports on the 
locations of LI elements in the human genome. See, e.g., Salem et al. (J Mol Biol 2003;326:1 127- 
1 146; attached at Tab 3). In supplementary data published on this group's website, 
http://batzerlab.lsu.edu, it is described that one LI element, denoted "L1HS18" is located in the 
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gene having the Genbank accession number AC005798 (see line 18 of the table of Supplementary 
Data, attached at Tab 4). This accession number refers, in fact, to the CD38 gene (see page 2 of the 
UniSTS entry attached at Tab 2, describing AC005798 as describing the genomic sequence of 
CD38). 

An Increased Proportion of B-cells in SLE Patients Are CD38 + . A higher proportion of 
B-cells express, or even express increased levels of, CD38 antigen in SLE patients. Specifically, 
Arce et al. (J Immunol 2001;167:2361-2369; Tab 5) has shown that the proportion of CD38 
positive B-cells is significantly increased in SLE patients as compared to healthy adults and healthy 
children (see Arce et al., Figure 4 on page 2365, and accompanying text at page 2364, 2 nd column, 
1 st full paragraph), and reports that "[m]ost SLE patients display a distinct population of 
CD207CD19 +/low CD38^ blood cells" (page 2366, 1 st column, 1 st full paragraph), referring to Figure 
7 on the following page. The reference also notes that "B-cells play a major role in the pathology of 
SLE in both human and murine SLE models, as they are responsible for the hypergamma- 
globulinemia and autoantibody production that characterize this disease" (page 2361, 1 st column, 1 st 
paragraph). 

Anti-CD154 Antibody Treatment of SLE Patients Leads to Disappearance of CD38+ 
Cells. Finally, Grammer et al. (J Clin Invest 2003;112:1506-1520; Tab 6) reports that "before 
treatment, active-SLE patients had circulating CD38 bnght Ig-secreting cells that were not found in 
normal individuals", and that "[disappearance of this plasma cell subset during treatment was 
associated with decreases in anti-double-stranded DNA . . . Ab levels, proteinuria, and SLE disease 
activity index" (Grammer et al., Abstract). 

Accordingly, the specification provides adequate guidance to identify candidate SLE 
genes. In particular, the references cited above establish that proximity of an LI element is 
predictive of a candidate SLE gene in a region neighboring an SLE-marker. This represents specific 
evidence of enablement given (1) the disclosure of the invention and (2) the level of skill in the art. 



{W:\05983\100H567USl\00165029.DOCIIIlIIilBIiiimillIDiIIIIIIIl} 



Application No.: 10/025,201 10 Docket No.: 05983/100H567-US1 



"To be enabling, the specification of the patent must teach those skilled in the art how to 
make and use the full scope of the claims of invention without f undue experimentation.' " 
Genentech Inc. v. Novo Nordisk, A/S, 42 USPQ 2d 1001, 1004 (Fed. Cir. 1997) (quoting In re 
Wright, 27 USPQ 2d 1510, 1513 (Fed. Cir. 1993)). The court has held that a patent specification 
complies with a statute even if a "reasonable" amount of routine experimentation is required but 
such experimentation must not be "undue". Enzo Biochem Inc. v. Calgene, Inc. 52 USPQ 2d 1 129, 
1135 (Fed. Cir. 1999) (citing In re Wands, 8 USPQ 2d at 1404). The court in Enzo Biochem looked 
favorably on the factors set forth in In re Wands to consider in determining whether disclosure 
requires undue experimentation, which are: 

(1) the quantity of experimentation necessary, 

(2) the amount of direction of guidance presented, 

(3) the presence or absence of working examples, 

(4) the nature of the invention, 

(5) the state of the prior art, 

(6) the relative skill of those in the art, 

(7) the predictability or unpredictability of the art, and 

(8) the breadth of the claims. 

Enzo Biochem, 52 USPQ 2d at 1 135-1 136 (quoting In re Wands, 8 USPQ 2d at 1404). 

Applying the Wands factors to the facts set forth above to the claims as amended, 
Applicants submit that the specification enabled the claimed invention. In particular, the 
quantitative experimentation necessary to identify LI elements in proximity to an SLE marker is not 
great, given the considerable advances in sequencing technology and genomic databases. Given 
that the present specification establishes a relationship between the LI elements and candidate SLE 
genes, applying the presently claimed method to identify the candidate SLE genes was no more than 
routine. 

The second factor is the amount of direction or guidance. The instant specification 
provides clear guidance for identifying candidate SLE genes (see, for example, page 32, line 32 to 
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page 34, line 27). This general guidance to use publicly available genomic information and 
computer programs such as BLAST to identify LI elements was sufficient to successfully identify a 
candidate SLE gene, as shown by the above example with the D4S403 marker and CD38 gene. 

Third, the present application does provide working examples. It is well-established, 
however, that "lack of working examples or lack of evidence that the claimed invention works as 
described should never be the sole reason for rejection the claimed invention on the grounds of lack 
of enablement" (MPEP section 2164.2). Additionally, the D4S403/CD38 example provided above 
does, in fact, show that the claimed invention works as described. 

Fourth, the nature of the invention is one of a fairly routine and standard experimental or 
computerized system for analyzing genomic sequences. 

Fifth, the state of the prior art is highly advanced. The sequencing of the human genome 
is finalized, LI elements are known, a multitude of SLE markers have been identified, and the 
techniques for identifying additional SLE markers are well-developed (see, for example, the 
Gaffhey et al., Moser et al., Tsao et al., and Tsao et al. references attached at Tabs 1-4 with the 
previously filed response to office action, submitted on November 4, 2003). 

With respect to item six, the relative skill of those in the art paralleled the advanced state 
of the art. Thus, the skilled artisan would not have any problem scanning the genome for candidate 
SLE genes in proximity to SLE susceptibility loci comprising LI elements. 

With respect to item seven, the predictability of the claimed method, this has also been 
established by showing that the method could accurately predict the presence of a candidate gene in 
the region surrounding the disclosed SLE susceptibility D4S403 loci which is reported to contain LI 
elements. 

When considering the breadth of the claims, Applicants submit that they are fully 
enabled for the claimed scope in view of the details provided in the specification and Examples. 
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Further, the office action states that "[w]hile the cited art may in fact teach of the 
existence of markers well known in the art for SLE, the cited art is silent with respect to each of 
these known markers being associated with a LI element of a certain % similarity located at a 
certain distance from the known marker" (page 10, 1 st paragraph). However, the fact that the prior 
art teaches well-known SLE markers but not LI elements of certain sequence similarities associated 
with candidate SLE genes merely underscores the novelty and non-obviousness of the present 
invention, and has no bearing on the enablement of the claims. Notably, the present specification 
enables the claims, as shown in the preceding paragraphs. 

In view of the foregoing amendments and remarks, Applicants submit that the claims 
meet the enablement requirement, and the Examiner's rejection should be withdrawn. 

Written Description 

The Examiner has rejected claims 2, 3, and 19-25 as allegedly not complying with the 
written description requirement. Specifically, the Examiner argues that "the skilled artisan cannot 
envision the detailed chemical structure of the encompassed polynucleotides and/or proteins" and 
that "absent factual evidence, a percentage sequence similarity less than 100% is not deemed to 
reasonably support to one skilled in the art whether the biochemical activity of the claimed subject 
matter would be the same as that of such a similar known biomolecule" (Office Action, page 12, 1 st 
paragraph; page 13, 2 nd full paragraph). 

This rejection is respectfully traversed. The present claims set forth a method of 
identifying candidate SLE genes, in which one step comprises selecting genomic LI elements 
comprising a sequence having at least 95% sequence identity to residues 1-884 of SEQ ID NO:l. In 
this method, there is no need for the skilled artisan to "envision" each and every variant having a 
sequence identity within the claimed range, nor any need to compare its biochemical activity, 
because the present specification shows by experimental determination , i.e., proof of practice, that 
LI elements having the structural feature of a high sequence similarity to SEQ ID NO: 1 can identify 
candidate SLE genes located adjacent to an SLE-associated marker (see, e.g., Tables 1 and 3). This 



{W:\05983\100H567USl\00165029.DOCiIIDIimiliinilfflOBIIIII} 



Application No.: 10/025,201 



13 



Docket No.: 05983/1 00H567-US1 



identification can be made using BLAST or some similar algorithm on regions adjacent to an SLE 
marker, setting, if needed, certain sequence identities as selection criteria. 

Further, it is noted that claims 22 and 30 call for an LI element of at least 98% sequence 
identity to residues 1-884 of SEQ ID NO:l; that claims 23 and 31 call for an LI element of at least 
99% sequence identity to residues 1-884 of SEQ ID NO:l; that claims that claims 26 and 32 call for 
an LI element comprising residues 1-884 of SEQ ID NO:l; and that claims 27 and 33 call for the 
LI element comprising SEQ ID NO:l. Additionally, new claims 28 and 34, and new claims 29 and 
35, call for the region of the genome being within 5 million bases and within 1 .7 cM of the SLE 
susceptibility marker, respectively. 



description requirement, and reconsideration and withdrawal of this rejection is earnestly requested. 



to be in condition for allowance. Accordingly, the Examiner is respectfully requested to pass this 
application to issue. 



For these reasons, it is respectfully submitted that all claims comply with the written 



Conclusion 



In view of the above, each of the presently pending claims in this application is believed 
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D4S403 

Primer Information 

Forward primer: 
Reverse primer: 
PCR product size: 
GenBank Accession: 



UniSTS:15705 



AGGTGGCCCTGAGTAGGAGT 
TTTGAGGGAATGATTTGGGT 

217-231 (bp), Homo sapiens 
Z16702 



Homo sapiens 

Name: D4S403 

Also known as: 157XG3 AFM157xg3 HS157XG3 



Cross References 
LocusLink LocusID: 

Symbol: 

Description: 

Position: 
LocusLink LocusID: 

Symbol: 
Description: 

Position: 

SNP rsl0682638, rs3 138722, 

rs32 19959 

RH details RH15122 

RH28038 

RH59461 
GDB GDB: 188 106 



9634 
STGD4 

Stargardt disease 4 (autosomal 
dominant) 

4p 

64695 
SLEB3 

systemic lupus erythematosus 
susceptibility 3 

4pl6-15.2 

Summary 

Genebridge4 
Genebridge4 
Genebridge4 



Mapping Information 



View all results using the Map Viewer 



D4S403 



SequenceMap: 
Position: 



Chr 4 mv 
13501829-13502049 (bp) 



D4S403 



deCODE Map: 
Position: 



Chr 4 

26.71 (cM) 



mv 



http://www.ncbi.nlm.nih.gov/genome/sts/sts. cgi?uid=l 5705 



UniSTS 



Page 2 of 2 



D4S403 



WI-YACMap: 
Position: 



Chr4 

34 (ordinal) 



Reference Interval : WC4 . 1 



mv 



D4S403 



WI-RHMap: 
Position: 
Lod score: 



Chr4 

80.6 (cR3000) 
P0.01 



mv 



AFM 1 5 7xg3 GenethonMap : 

Position: 



Chr4 

24.90 (cM) 



mv 



AFM157xg3 Marshfield Map: 

Position: 



Chr4 

25.90 (cM) 



mv 



AFM157xg3 GM99-GB4Map: 

Position: 
Lod score: 
Reference Interval: 



Chr 4 mv 

66.87 (cR3000) 

F 

D4S412-D4S1601 (3.7-28.2 cM) 



Electronic PCR results 



Genomic (5) 

Zl 6702. 1 119.. 345 H. sapiens (D4S403) DNA segment 

containing (CA) repeat; clone AFM157xg3; single 
read (345 bp) 

AADDO 10431 85.1 7916 .. 8142 Homo sapiens chromosome 4 

WGSA:43184 contig 43184 scaffold 75, whole 
genome shotgun sequence (10078 bp) 

AADB01 025643.1 18236 .. 18462 Homo sapiens chromosome 4 

WGA:25642 contig 25642 scaffold 1010, whole 
genome shotgun sequence (23384 bp) 

AADC01038634.1 195032.. 195258 Homo sapiens chromosome 4 

CSA:38633 contig 38633 scaffold 9577, whole 
genome shotgun sequence (522571 bp) 

AC007126.6 62034 .. 62254 Homo sapiens chromosome 4 

clone C0496D08, complete sequence (218698 bp) 



Questions or Comments? 
Write to the NCBI Service Desk 

Disclaimer Privacy statement 
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G33802 

Primer Information 

Forward primer: 
Reverse primer: 
PCR product size: 
GenBank Accession: 

Homo sapiens 

Name: 

Also known as: 

Cross References 

LocusLink LocusID: 

Symbol: 
Description: 
Position: 

UniGene Hs. 174944 

Mapping information 



UniSTS:16981 



AGTTTCTTCAGTGTGTGAAAAATCC 
CAAAATCTTCAGCTCTGCACC 

1 52 (bp), Homo sapiens 
G33802 



G33802 
SHGC-50808 



952 
CD38 

CD38 antigen (p45) 
4pl5 

CD38 antigen (p45) 



View all results using the Map Viewer 



G33802 



SequenceMap: 
Position: 



Chr 4 mv 
15601053-15601204 (bp) 



Electronic PCR results 

RefSeq mRNA (1) 

NM_001 775.2 955 .. 1 106 Homo sapiens CD38 antigen (p45) 

(CD38), mRNA ( 1 494 bp) 



mRNA (4) 

D84276.1 

D84277.1 
BC007964.2 



951 .. 1 102 Homo sapiens mRNA for CD38, 
complete cds ( 1 408 bp) 

727 .. 878 Homo sapiens mRNA for CD38 alt, 
complete cds (1036 bp) 

896 .. 1047 Homo sapiens CD38 antigen (p45), 
mRNA (cDNA clone MGC: 14106 
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M34461.1 



IMAGE:4309086), complete cds (1225 bp) 

917.. 1068 Human lymphocyte differentiation 
antigen CD38 mRNA, complete cds (1233 bp) 



Genomic (5) 

AC005798.10 



D84284.1 



92662 .. 92813 Homo sapiens chromosome 4 
clone RP1 1-442P12, complete sequence (206631 
bp) 

272 .. 423 Human DNA for CD38, exon 8 and 
complete cds (1412 bp) 

AADD01 0433 1 7. 1 41 54 .. 4305 Homo sapiens chromosome 4 

WGSA:43316 contig 43316 scaffold 75, whole 
genome shotgun sequence (15997 bp) 

AADBO 102572 1.1 9443 .. 9594 Homo sapiens chromosome 4 

WGA:25720 contig 25720 scaffold 1015, whole 
genome shotgun sequence (67753 bp) 

AADC01 038832.1 56424 .. 56575 Homo sapiens chromosome 4 

CSA:38831 contig 38831 scaffold 9716, whole 
genome shotgun sequence (212480 bp) 



Working Draft phase 1 (from Gen Bank HTGS division) (1) 

AC092459.2 107687 .. 107838 Homo sapiens chromosome 4 

clone CTD-2185J18, *** SEQUENCING IN 
PROGRESS ***, 16 unordered pieces (170099 
bp) 



ESTs (5 of 10)[Show All Hits] 



BF513368.1 



AA29 1308.1 



AA318583.1 



AA748 192.1 



AA765500.1 



172... 323 UI-H-BWl-amk-e-04-0-UI.sl 
NCI_CGAP_Sub7 Homo sapiens cDNA clone 
IMAGE:3070182 3&apos; (481 bp) 

16 .. 167 zsl8fl0.sl NCI_CGAP_GCB1 Homo 
sapiens cDNA clone IMAGE:685579 3&apos; 
similar to gb:M34461 LYMPHOCYTE 
DIFFERENTIATION ANTIGEN CD38 
(HUMAN); (341 bp) 

87 .. 238 EST20678 Spleen I Homo sapiens 
cDNA 5&apos; end similar to CD38 antigen (263 
bp) 

68 .. 219 nx98g05.sl NCI_CGAP_GCB1 Homo 
sapiens cDNA clone IMAGE: 1270328 3&apos; 
similar to gb:M34461 LYMPHOCYTE 
DIFFERENTIATION ANTIGEN CD38 
(HUMAN); (312 bp) 

168 .. 323 oa07a09.sl NCI_CGAP_GCB 1 Homo 
sapiens cDNA clone IMAGE: 1304248 3&apos; 
similar to gb:M34461 LYMPHOCYTE 
DIFFERENTIATION ANTIGEN CD38 
(HUMAN); (554 bp) 
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The preTa subfamily of long interspersed elements (LESJEs) is character- 
ized by a three base-pair "ACG" sequence in the 3' untranslated region, 
contains approximately 400 members in the human genome, and has low 
level of nucleotide divergence with an estimated average age of 2.34 
million years old suggesting that expansion of the LI preTa subfamily 
occurred just after the divergence of humans and African apes. We have 
identified 362 preTa LI elements from the draft human genomic sequence, 
investigated the genomic characteristics of preTa LI insertions, and 
screened individual elements across diverse human populations and 
various non-human primate species using polymerase chain reaction 
(PCR) assays to determine the phylogenetic origin and levels of human 
genomic diversity associated with the LI elements. All of the preTa LI 
elements analyzed by PCR were absent from the orthologous positions in 
non-human primate genomes with 33 (14%) of the LI elements being 
polymorphic with respect to insertion presence or absence in the human 
genome. The newly identified LI insertion polymorphisms will prove use- 
ful as identical by descent genetic markers for the study of human popu- 
lation genetics. We provide evidence that preTa LI elements show an 
integration site preference for genomic regions with low GC content. 
Computational analysis of the preTa LI elements revealed that 29% of 
the elements amenable to complete sequence analysis have apparently 
escaped 5' truncation and are essentially full-length (approximately 6 kb). 
In all, 29 have two intact open reading frames and may be capable of 
retrotransposition. 

© 2003 Elsevier Science Ltd. All rights reserved 
Keywords: retrotransposon; insertion polymorphism; mobile elements 



Introduction 

Computational analysis of the draft sequence of 
the human genome indicates that repetitive 
sequences comprise 45-50% of the human genome 
mass, 17% of which consists of long interspersed 
elements (LINE-ls or Lis). 1 " 3 LI elements are 
restricted to mammals, having expanded as a 
repeated DNA sequence family over the last 150 
million years. 4 Full-length LI elements are approxi- 
mately 6 kb long and propagate via an RNA inter- 
mediate in a process known as retrotransposition. 
LI retrotransposition likely occurs by a mechanism 
termed target primed reverse transcription 
(TPRT). 5 This mechanism of mobilization provides 
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two useful landmarks for the identification of 
young LI inserts: an endonuclease related cleavage 
site 6 " 8 and direct repeats or target site duplications 
flanking newly integrated elements. 9 

LI retrotransposons have had a significant 
impact on the human genome through a variety of 
different mechanisms. De novo insertions disrupt- 
ing open reading frames and splice sites have 
resulted in a number of human diseases, 1 °~ 12 new 
LI integrations have been shown to have the 
potential to alter gene expression, 1314 and once in 
the genome LI elements provide regions of 
sequence identity blanketing the genome, that can 
be exploited during recombination. 15 LI elements 
also generate sequence duplications by trans- 
ducing adjacent genomic sequences at their 3' end, 
thereby "shuffling" genomic sequence. 16-18 More 
recently, it has been suggested that LI elements 
have paradoxical roles in genomic stability by 
serving both as molecular band aids, repairing 
double-stranded breaks in mammalian cells and 
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as suspects for the generation of genomic 
deletions. 19 " 21 Thus, LI elements exert a significant 
influence on the architecture of the human genome 
and provide dynamic units capable of ongoing 
change. 

As a result of the limited amplification potential 
of the diverse LI gene family, a series of discrete 
LI subfamilies exist within the human genome. 4,22 
LI elements have expanded at different times 
during mammalian evolution, producing sub- 
families of various ages. 422 Depending on the 
amplification period of the LI subfamily, some LI 
elements may be unique to a single lineage, 
species, or even a single population. Such is the 
case with the LIHs (human specific) Ta (tran- 
scribed, subset a) 23 subfamily, which has been 
shown to be present only in the human lineage. 24 

Even though there are approximately 500,000 LI 
elements in the human genome only a limited sub- 
set of 30-60 LI elements appear to be capable of 
retro transposition. 25 - 26 De novo LI insertions result- 
ing in human disease are largely a product of 
LIHs Ta integrations, which have been shown to 
be the youngest most active LI subfamily found 
in the human genome. 24 ' 27 ' 28 However, at least one 
LI insert (JH-28) in exon 14 of the factor VIII gene 
resulting in hemophilia A, was the result of a 
preTa insertion, providing the first proof that 
preTa LI elements are also currently capable of 
retrotransposition. 12 Previous studies have shown 
that some members of the preTa LI subfamily 
have inserted so recently in the human genome 
that they are polymorphic with respect to insertion 
presence /absence, 27,29 all of which makes preTa LI 
elements a likely source of identical-by-descent 
mobile element-based variation for the study of 
human population genetics. 

Members of the LI preTa subfamily share a com- 
mon three base-pair diagnostic sequence within 
the 3' untranslated region (UTR), which separates 
them from the other LI subfamilies. As the name 
suggests, the preTa LI subfamily is believed to pre- 
date the amplification of the LIHs Ta subfamily in 
the human lineage. However, the phylogenetic 
origin and level of human genetic diversity 
associated with preTa LI elements remains largely 
undefined. Here, we report a comprehensive 
analysis of the preTa LI subfamily from the draft 
sequence of the human genome. 



Results 

L1 preTa subfamily copy number 

To identify recently integrated preTa subfamily 
LI elements from the human genome, we searched 
the draft sequence of the human genome (database 
version: BLASTN 2.2.1 (Apr-13-2001)) using the 
Basic Local Alignment Search Tool (BLAST) 30 with 
an oligonucleotide sequence that is complementary 
to a highly conserved motif in the 3' untranslated 
region (UTR) of preTa LI elements. This 19 base- 



pair (bp) query sequence (CCTAATGCTAGATGA 
CACG) includes the preTa subfamily-specific diag- 
nostic mutation "ACG" at its 3' end (position 
5930-5932 relative to LRE-1). 31 We identified 362 
unique preTa LI elements from 2.868 x 10 9 bp of 
available human draft sequence. Extrapolating 
this number to the actual size of the human 
genome (3.162 x 10 9 bp), we estimate that this sub- 
family contains about 400 elements. Taken with 
the estimate from the LIHs Ta data, 24 we estimate 
that there are over 900 human specific LINE-1 
elements in the human genome. Of the 362 preTa 
LI elements retrieved, six resided at the end of 
sequence contigs and were not amenable to 
additional analysis. Of the 356 (362 - 6) remaining 
elements, 105 (26%) were essentially full length, 
and 251 were truncated to variable lengths. Align- 
ment and sequence analysis of the full-length 
elements revealed that 29 contained two intact 
open reading frames and therefore may be capable 
of retrotransposition. The complete data set is 
available on our web sitet (under publications). 

Estimated subfamily age 

The average ages of LI elements can be deter- 
mined by the level of sequence divergence from 
the subfamily consensus sequence using a neutral 
mutation rate for primate non-coding sequence of 
0.15% per million years. 32 The mutation rate is 
known to be about ten times greater for CpG 
bases as compared to non-CpG bases as a result of 
the spontaneous deamination of 5-methyl 
cytosine. 33 Thus, two age estimates based upon 
CpG and non-CpG mutations can be calculated 
for the preTa subfamily of LI elements. A total of 
74,048 bases from the 3' UTR of 356 preTa LI 
elements were analyzed. In all, 361 nucleotide sub- 
stitutions were observed. Of these, 303 were classi- 
fied as non-CpG mutations against the backdrop of 
71,912 total non-CpG bases, producing a non-CpG 
mutation density of 0.004213 (303/71,912). Based 
upon the non-CpG mutation density and a neutral 
rate of evolution (0.004213/0.0015), the average 
age of the LI preTa LINE-1 elements was 2.81 
million years old. A total of 58 CpG mutations out 
of 2136 total CpG nucleotides were found across 
the same 356 LINE elements, yielding a CpG- 
based mutation density of 0.027154 (58/2,136). 
With the expectation that the CpG mutation rate is 
about tenfold higher than the non-CpG mutation 
rate, the approximate age of the LI preTa sub- 
family using the CpG mutation density is 1.86 
million years old. These estimates are in good 
agreement with one another and taken together, 
these estimates produce an average age of 2.34 
million years old, which is in good agreement 
with the idea that the preTa LI subfamily is 
evolutionarily older than the LIHs Ta subfamily 
(estimated average age 1.99 million years). 24,27 In 
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addition the average age estimates reported here 
provide a relative time frame by which to compare 
LI retrotransposition activity, and should not be 
confused with the age of origin. 

Similar to the LIHs Ta subfamily, the preTa LI 
subfamily can also be grouped into two subgroups, 
ACG/A and ACG/G, based on an "A" or "G" base 
at position 6015 relative to LI. 2 (accession number 
M80343). In order to determine the relative ages of 
each subgroup, we analyzed the level of sequence 
divergence in each subgroup. The ACG/A sub- 
group contained 127 total nucleotide substitutions, 
with 98 of these classified as non-CpG mutations 
against the backdrop of 20,402 total non-CpG 
bases. This yields a non-CpG mutation density of 
0.004803 (98/20,402) and produces an estimated 
age of 3.20 million years old. Of 127 total 
mutations, 29 were classified as CpG mutations 
against a backdrop of 606 CpG total bases, which 
yields a CpG mutation density of 0.047855 (29/ 
606) producing an estimated age of 3.28 million 
years. The ACG/G subgroup contained 221 total 
nucleotide substitutions with 191 of these classified 
as non-CpG mutations against the backdrop of 
51,106 total non-CpG bases, which yields a non- 
CpG mutation density of 0.003737 (191/51,106), 
producing an estimated age of 2.49 million years 
old. Of 121 total mutations, 30 were classified as 
CpG mutations against a backdrop of 1518 CpG 
total bases, which yields a CpG mutation density 
of 0.019763 (30/1518) producing an estimated age 
of 1.35 million years. We calculated the average 
age of each subgroup as 1.92 and 3.24 million 
years for the ACG/G and ACG/A, respectively. 
Although it is likely that the LIHs Ta subfamily is 
derived from one of the preTa LI subsets based on 
the estimated ages of these LI subfamilies, the 
transition intermediates between preTa and Ta 
subfamilies are not clear. 

Features of L1 preTa integration sites 

One hallmark of LI integration is the generation 
of target site duplications flanking newly inte- 
grated elements. Two thousand bases of flanking 
sequence on each side of the element were 
searched for target site duplications. Clear target 
site duplications are considered to be target site 
duplications at least ten bases in length. Of the 
356 elements analyzed, we were able to identify 
clear target site duplications for 252 elements. We 
then determined the integration sites for these 252 
preTa LI insertions with clear target duplications. 
A complete list of LI integration sites is shown in 
Table 1, and further supports the notion that some 
integration sites are more common than others. 6,7 - 34 

A large number of preTa LI elements had no 
observable target duplication sites. One possible 
explanation for this observation is that these 
elements have relatively short target site dupli- 
cations. Alternatively, these elements may rep- 
resent forward gene conversion events of older 
pre-existing LI elements that by mutation, have 



Table 1. PreTa LI integration sites 



PreTa LI integration sites 



Number 



60 

37 

20 

18 

18 

16 

14 

7 

5 

5 

5 

4 

3 

3 

3 

2 

2 

2 

2 

2 

1 each 



TTTT/A 
TCTT/A 
CTTT/A 
TTTA/A 
TTTC /A 
TTTT/G 
TTCT/A 
TCTT/G 
CTTT/G 
ATTT/A 
CTTT/C 
TTTT/C 
TGTT/A 
TATT/A 
TATT/G 
TCTT/C 
TTTC/C 
TCTC/A 
GTTT/A 
ATTT/C 

GCTT/XTTTT/XTTTG / A,TTTC /T/ITTC /T/TTGT7 
G, TTAT/AJGAT/GJCTT/TJCAT/ AJATC/ 
A/TATA /X TAAA/C/XTT/A,CCTT/A,CATT/ 
G,CATT/A,ACn7G, ACTT/A,ACTA/C,ACCT/ 
A,ACAC/T,ACAA/A,AAAA/A 



rendered their target site duplications unrecogniz- 
able. Some of these events may also represent inte- 
grations that have occurred independent of 
endonuclease cleavage, that has previously been 
proposed as a mechanism for the repair of 
doubled-stranded breaks in DNA. 35 ~ 37 

To further characterize the preTa LI insertions, 
we determined the DNA base content for sequence 
blocks 1 kb and 2 kb flanking all preTa LI insertion 
sites with target site duplications of at least 10 bp. 
Flanking sequence was then grouped according to 
GC content with only data for the 1 kb sequence 
blocks shown in Figure 1. Our data suggest that 
preTa LI elements integrate preferentially in 
genomic regions with GC content less than 36%, 
but are present in genomic regions with GC con- 
tent as low as 26% and as high as 52%. A similar 
insertion site preference was observed for 2 kb 
sequence blocks as well as for the previously 
reported LI Ta subfamily 24 and other LI 
subfamilies. 38 In addition, we also analyzed preTa 
LI elements inserted in repetitive sequences and 
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Figure 1. Analysis of preTa LI pre-integration sites. 
GC content was calculated for LI insertion flanking 
sequences of 1 kb and 2 kb. The 1 kb results are shown 
here. 
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Figure 2. PreTa LI integrations within other repetitive 
elements. PreTa LI insertions within mobile elements 
were grouped according to the element in which they 
inserted. Mobile element categories include LINE-2 (L2), 
LINE-1 (LI), long terminal repeats (LTR), Alu (ALU), 
mammalian-wide interspersed repeats (MIR), medium 
reiteration frequency sequences (MER), low complexity 
sequence (LC), Alphoid satellite repeats (ALPHA). 



grouped them according to the repeat family in 
which they reside (Figure 2). This analysis showed 
that preTa LI elements insert most frequently in 
other LI elements, which is expected both because 
LI sequences occupy a large percentage of the 
human genome and because LI elements are less 
GC-rich relative to other mobile element families, 
such as Alu elements, making them more suscept- 
ible to subsequent LI integrations. Lastly, preTa LI 
containing regions were analyzed to determine the 
distance from the integration to the nearest gene. 
A total of 12 preTa LI elements reside within 
25 kb of novel or known genes as denoted by 
GenBank annotation, including one full length 
preTa element, L1AD242, which inserted into 



intron 23-24 of the retinoblastoma susceptibility 
protein 1 gene and accounts for 6072 bp of the 
7988 bp intron. 



Sequence diversity 

PreTa LI sequence diversity is also created by 
variable 5' truncation with some of the elements in 
the human genome only a few hundred base-pairs 
in length, whereas some full-length elements are 
over 6000 base-pairs. This phenomenon is classi- 
cally attributed to the lack of processivity of the 
reverse transcriptase enzyme in the creation of the 
LI cDNA. The point of truncation is traditionally 
believed to occur as a function of length, where 
shorter inserts are more likely to occur in the 
human genome than longer elements. 39 Our data 
show that there is an enrichment of full-length 
elements in the human genome, and like the Ta LI 
elements many preTa LI elements have been faith- 
fully replicated in their entirety and inserted into 
new genomic locations. Of the 356 elements 
examined (362 total minus six elements located at 
the end of sequencing contigs), 97 were over 6000 
base-pairs long, representing a much larger preTa 
LI size class than any other size class (Figure 3). 
By contrast, very few elements were found in the 
size ranges between 4000 and 5500 bases, with 
only 14 of the 356 elements truncated to this par- 
ticular size range. A bimodal distribution in the 
size of the elements is created, since there are a sig- 
nificant number of preTa LI elements that are 
severely 5 prime truncated and those that are full- 
length with the average preTa element length of 
roughly 2700 bp and the median preTa element 
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Figure 3. PreTa LI element genomic size distribution. The following schematic shows the size distribution of preTa 
LI elements. Elements are grouped in 500 bp intervals ranging from 25 bp in length to >6501 bp in length. The two 
most common size intervals are denoted in gray. 
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Table 2. Summary of preTa LI analysis 



Loci analyzed by PCR 254 

Fixed present 200 

High frequency insertion polymorphisms 11 

Intermediate frequency insertion polymorphisms. 22 

Low frequency insertion polymorphisms 0 

Total preTa insertion polymorphisms 33 

Inserted in paralogous sequences 3 

No pre-integration site amplified in primates 9 

No PCR results 9 

Loci not analyzed by PCR 

LI elements inserted in other repeats 102 

End of contig 6 

Total preTa LI elements analyzed 362 



length of roughly 1600 bp. A total of 196 elements 
were small, with sizes less than 2000 bp, with 125 
of these only 50-1000 bases in length. In addition 
28% (100/356) of the preTa LI elements examined 
were inverted at their 5 prime end, which is 
believed to occur by an event known as twin prim- 
ing where target-primed reverse transcription is 
interrupted by a second internal priming event, 



resulting in an inversion of the 5 prime end of the 
newly integrated LINE element. 40 Although LI 
truncation is most likely the result of the relatively 
low processivity of the LI reverse transcriptase, 
processes that form secondary structures in the 
RNA or DNA strands present at the integration 
site, like twin priming, may also be associated 
with LI truncation. One expectation of this model 
is that a common truncation point should exist for 
LI preTa elements. However, from our data we 
were not able to identify any common truncation 
points. 

Similar to other LI elements, preTa LI elements 
exhibit a significant amount of sequence diversity 
in the 3 prime tails, in general, the 3 prime tails 
found in this LI subfamily range in size from 4 bp 
to over 1600 bp in length. In all 64% contain AT- 
rich low complexity sequence, 13% have homo- 
polymeric A tails with an average tail length of 
15 bp, 6% have simple sequence repeats with the 
most common repeat family TAAA„, and 17% con- 
tain complex sequence likely resulting from 3 
prime transduction events. Three-prime transduc- 
tion by LI elements is a unique duplication event 
that occurs when an LI sequence is transcribed 
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Figure 4. PreTa LI insertion polymorphisms. This Figure is an agarose gel chromatograph of the PCR products from 
a survey of the human genomic variation associated with L1AD125. Amplification of the pre-integration site of this 
locus generates a 236 bp PCR product. Amplification of a filled site generates a 513 bp product (using flanking unique 
sequence primers). In this survey of human genomic variation 20 individuals from each of four diverse populations 
were assayed for the presence or absence of the LI element, with Asian samples shown in (a) and African Americans 
shown in (b). The control samples are denoted by the black lines and were TLE buffer (10 mM Tris-HCl, 0.1 mM 
EDTA), common chimpanzee, pygmy chimpanzee, gorilla, orangutan and owl monkey DNA templates. In addition, 
this particular LI element was absent from the genomes of non-human primates. 
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along with genomic sequence at its 3 prime end. 
This sequence then integrates at a different 
genomic location, resulting in duplication of the 
source LI sequence and the 3 prime genomic 
sequence flanked by target site duplications. 16 " 18 
We have identified 50 3 prime transduction events 
mediated by preTa LI elements and believe that 
these elements have transduced approximately 
10,400 total bases of sequence with one transduc- 
tion event responsible for duplicating a region 
over 1600 bp. The diversity observed in the tails of 
the LI elements is not surprising, since previous 
studies have shown an association as well as direct 
evidence that simple sequence repeat motifs pre- 
sent in the 3 prime tail of mobile elements can 
mutate, serving as nuclei for the generation of 
simple sequence repeats. 41 " 43 A complete list of 
the preTa elements involved in transduction events 
is located at our web sitef- 

L1 associated human genomic diversity 

Of the 362 preTa LI elements isolated in silico, 
102 of the elements were inserted into other repeti- 
tive regions of the genome such that flanking 
unique sequence PCR primers could not be 
designed. Six additional elements resided at the 
end of sequencing contigs in GenBank and lacked 
unique flanking sequence information, making 
PCR primer design in this region impossible. The 
remaining 254 were analyzed using a subfamily- 
specific PCR assay and flanking unique sequence 
primers as previously described 28 (summarized in 
Table 2). Three elements out of 254, produced 
inconclusive PCR results because of the amplifica- 
tion of paralogous genomic sequences as described 
previously. 44 Nine elements produced non-specific 
PCR results, and were excluded from further 
analysis. Another nine elements produced sub- 
family-specific PCR products in all human samples 
tested, but did not produce pre-integration sites in 
both human and non-human primate genomes. 
This may be the result of some type of large 
deletion event that occurred in the human genome 
and not in the genome of non-human primates, 
making the non-human primate pre-integration 
site much larger than expected and not detectable 
by our assay as reported previously. 19 Alternatively 
this could also be the result of mutations in the 
oligonucleotide hybridization sites rendering them 
ineffective for PCR. In addition, we identified 36 
preTa LI elements that mapped to the X chromo- 
some and eight that mapped to the Y chromosome, 
all of which were fixed present in the individuals 
tested (Table 3). The human genomic diversity 
associated with the autosomal preTa LI elements 
is shown in Tables 3 and 4. 

A total of 293 (254-9-9-3) preTa LI elements pro- 
duced unambiguous results when analyzed by a 
two-step PCR assay across 80 individuals from 
four geographically diverse human populations 
with 33 (14%) being polymorphic with respect to 
insertion presence /absence (Tables 3 and 4). 



Examples of human genomic diversity associated 
with preTa LI insertion polymorphisms are shown 
in Figure 4(a) and (b). Of the preTa LI elements, 
11 were high frequency insertion polymorphisms 
with LI element allele frequencies greater 
than 0.70, so that most of the individuals were 
homozygous (+/+) for the presence of the LINE 
element. Of the polymorphic elements, 22 were 
intermediate frequency, with a LINE element allele 
frequency greater than 0.30 but less than 0.70 
across the diverse human populations sampled. 
None of the LI preTa elements tested had insertion 
allele frequencies less than 0.30. One possible 
explanation for the absence of low frequency 
preTa insertion polymorphisms would be that the 
preTa subfamily has largely undergone retro- 
transpositional quiescence and is no longer gener- 
ating new copies. As a result, the number of low 
frequency preTa insertion polymorphisms in the 
human genome would be limited. It is also pos- 
sible that the newly integrated preTa LI elements 
are removed from the human genome as a result 
of negative selection. However, we consider the 
former explanation more likely based upon the 
threefold higher levels of insertion polymorphism 
in the Ta subfamily as compared to the preTa 
subfamily (45% versus 15%) as well as the 
previously reported frequency distribution of Ta 
LI insertion polymorphisms in the human 
genome. 24 

A total of 200 preTa LI elements were fixed pre- 
sent in the human genome. These elements are 
likely to be slightly older than their polymorphic 
counterparts, having inserted into the human 
genome prior to the radiation of humans from 
Africa. Overall, the unbiased heterozygosity values 
across all of the LI elements subjected to PCR 
analysis were similar across the four populations, 
with values of 0.306 in African Americans, 0.243 
in Asians, 0.252 in Europeans, and 0.269 in South 
Americans with the African American population 
being the most diverse with respect to preTa LI 
alleles (Table 4). However, several of the poly- 
morphic elements individually exhibited unbiased 
heterozygosity values that approached 0.5, the 
theoretical maximum for bi-allelic loci. 

In order to determine whether the LINE inser- 
tion polymorphisms were in Hardy- Weinberg 
Equilibrium (HWE) we compared expected geno- 
type frequencies with observed genotype fre- 
quency using chi-square tests for goodness of fit. 
A total of 132 chi-square tests for goodness of fit 
are theoretically possible. However, 28 of the com- 
parisons involved populations that were mono- 
morphic for the presence of the LI insertion 
leaving 104 possible tests. A total of 23 deviations 
from Hardy -Weinberg expectations were observed 
in the comparisons. A total of 18 of the deviations 
were the result of low expected genotype frequen- 
cies. Of the remaining five tests that deviated from 
HWE, none clustered by population or locus. This 
deviation is not surprising, since a total of 5.15 
deviations from HWE would be expected by 
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chance alone at the 5% significance level. One 
shortcoming of this method is its inability to deal 
with low expected genotype frequencies. To 
further test these polymorphisms for HWE, we 
performed an exact test for Hardy -Weinberg pro- 
portions using the Markov chain test available in 
the Arlequin program/ 15 which is not hindered by 
low expected frequencies. The exact test showed 
that none of the 104 comparisons deviated from 
HWE proportions at the 1% level. Therefore we 
conclude that the newly identified LI insertion 
polymorphisms do not significantly depart from 
HWE. 



Discussion 

Here, we report a comprehensive analysis of the 
dispersion and insertion polymorphism associated 
with the preTa LI subfamily within the human 
genome. We estimate that there are approximately 
900 lineage-specific LI elements present in the 
entire human genome. In addition, given the 
median size for preTa and Ta LI elements 
(~ 1600 bp) and a conservative copy number esti- 
mate of 900 elements, we estimate that human line- 
age-specific LI retrotransposition has been 
responsible for increasing the size of the human 
genome by roughly 1.4 million bases. 

The level of sequence diversity, estimated age, 
and the reduction of human genomic variation 
associated with this LI subfamily relative to the Ta 
LI subfamily provide strong evidence suggesting 
that the expansion of preTa LI elements began 
prior to the expansion of the Ta LI subfamily that 
has been analyzed in detail previously 24,27 How- 
ever, the expansion of preTa LI elements also 
appears to have occurred over a time frame that 
predated the radiation of humans from Africa and 
continued until very recently, in fact it may still be 
occurring at a very low level within the human 
lineage. Thus, we conclude that the expansion of 
preTa and Ta LI elements occurred in an overlap- 
ping time frame in the human lineage. The 
reason(s) for the relative retrotranspositional quies- 
cence of preTa elements remain unknown. How- 
ever, they may relate to alterations in the ORF2 
protein of the preTa elements, decreased transcrip- 
tion from the preTa "source" elements or a 
decrease in the ability of the elements to undergo 
target-primed reverse transcription. 46 Further 
studies using in vitro systems to measure 
retrotransposition 25 will be required to definitively 
address this question. 

Sequence analysis of the preTa LI insertions 
suggests that they have a slight preference for inte- 
grating into regions of the genome with low GC 
content. This observation is contradictory to that 
previously reported, 43 but is in agreement with 
results obtained by The International Human Gen- 
ome Sequencing Consortium. 3 The reason for this 
integration site preference is unclear, but may 
result from a subtle sequence preference of the 



preTa-encoded endonuclease. Alternatively, this 
observation may reflect limitations on LI preTa 
insertion events imposed by chromatin organiz- 
ation. However, it is likely that both factors, as 
well as others not mentioned here, are important 
in determining where in the human genome 
young LI elements will integrate. It is also 
interesting to note that some preTa LI insertions 
have occurred adjacent to known genes. The per- 
sistence of these newly integrated preTa LI 
elements in these regions of the human genome is 
most likely indicative that they have had no nega- 
tive effects with respect to the function of these 
genes. 

Of the essentially 105 full length LI preTa 
elements identified, 29 have both open reading 
frames intact and are putatively retrotransposi- 
tion-competent elements. The data collected from 
the LI preTa subfamily along with the LIHs Ta 
subfamily (44 elements) yield a computational esti- 
mate of 73 active LI elements within the genome 
that is comparable to previous estimates of the 
number of potentially active LI elements in the 
human genome. 26 Collectively, these data suggest 
that LI elements from multiple subfamilies may 
still be capable of retrotransposition within the 
human lineage. In addition, it is also important to 
mention that those full-length elements that no 
longer have intact open reading frames could 
have previously served as active source or driver 
genes for the expansion of pre Ta LI elements, but 
have accumulated mutations over time that sub- 
sequently inactivated them. 

The computational identification approach 
described here provides an efficient and high- 
throughput method for recovering preTa LI 
elements from the human genome, some of which 
are polymorphic for insertion presence/ absence in 
individual human genomes. Individual LI inser- 
tion polymorphisms identified, similar to other 
mobile element insertion polymorphisms, are the 
products of unique insertion events within the 
human genome. Because each LI element inte- 
grates only once into the human genome, individ- 
uals that share LI insertions (and insertion 
polymorphisms) inherited them from a common 
ancestor, making the LI filled sites identical by 
descent. 2428 This distinguishes LI insertion poly- 
morphisms from other types of genetic variation 
that may not be derived from a single ancestral 
allele, including microsatellites 47 and restriction 
fragment length polymorphisms. 47,48 In addition, 
the ancestral state of an LI insertion is known to 
be the absence of the LI element. Therefore the 33 
new LI insertion polymorphisms reported here 
appear to have genetic properties similar to the 
previously identified A/a 44 ' 49 " 53 and LI 24,27 - 28 
insertion polymorphisms and provide a unique 
form of genetic variation present in the 
human population that will serve as an 
additional source of identical by descent genomic 
variability for the study of human population 
relationships. 
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Materials and Methods 

Cell lines and DNA samples 

The cell lines used to isolate primate DNA samples 
were as follows: human (Homo sapiens) HeLa (ATCC 
CCL2), common chimpanzee (Pan troglodytes) Wes 
(ATCC CRL1609), pygmy chimpanzee (Pan paniscus) 
Coriell Cell Repository Number AG05253, gorilla (Gorilla 
gorilla) Lowland Gorilla (Coriell Cell Repository Number 
AG05251B), green monkey (Cercopithecus aethiops) ATCC 
CCL70, owl monkey (Aotus trivirgatus) OWK 
(OWKidney) ATCC CRL 1556, and Orangutan (Pongo 
pygmaeus) (Coriell Primate Panel PRP00001 Cell Reposi- 
tory Number NG12256). Cell lines were maintained as 
directed by the source and DNA isolations were 
performed using Wizard genomic DNA purification 
(Promega). Human DNA samples from the European, 
African American, and Asian population groups were 
isolated from peripheral blood lymphocytes 54 available 
from previous studies. 30 South American Human DNA 
was obtained from Coriell Human Variation Panels 
HD17 and HD18. 



Computational analyses 

The draft sequence of the human genome was 
screened using the Basic Local Alignment Search Tool 
(BLAST) 30 available at the National Center of Biotech- 
nology Information Genomic Blast page f. A 19 bp oligo- 
nucleotide, 5'-CCTAATGCTAGATGACACG-3' that is 
diagnostic for the preTa subfamily was used to query 
the Human Genome database with the following 
optional parameters: filter none; advanced options — e 
0.1, - v 600, - b 600. Copy number estimates were deter- 
mined from BLAST search results. Sequences containing 
exact matches were subjected to additional analysis as 
outlined below. 

A sequence region of 9000-10,000 bases, including the 
match and 1000-2000 bases of flanking unique sequence 
were annotated using RepeatMasker version 7/16/00 
from the University of Washington Genome Center 
Server^ or Censor from the Genetic Information Research 
Institute*}. 55 These programs annotate repeat sequence 
content and were used to confirm the presence of preTa 
LI elements and regions of unique sequence flanking 
the elements. PCR primers flanking each LI element 
were designed using Primer3 software available at the 
Whitehead Institute for Biomedical Research || and were 
complementary to the unique sequence regions flanking 
each LI element. The resultant primers were screened 
with standard nucleotide-nucleotide BLAST [blastn] 
against the non-redundant (nr) and high-throughput 
(htgs) sequence databases to ensure they resided in 
unique DNA sequences. Primers residing in repetitive 
sequence regions were discarded and new primers 
designed if possible. A complete list of all the LI 
elements identified using this approach is available 
from our websitej. Individual LI DNA sequences were 
aligned using MegAlign with the ClustalW algorithm 



t http://www.ncbi.nlm.nih.gov/BLAST/ 

$ http: / / repeatmasker.genome.washington.edu/ 
cgi-bin/ RepeatMasker 

§ htrp: / / www.girinst.org/ 
Censor_Server-Data_Enrry_Forms.html 

|| http://www-genome.wi.mit.edu/cgi-bin/primer/ 
primer3_www.cgiand 



and the default settings (DNAstar version 5.0 for 
Windows) followed by manual refinement. 

PCR amplification 

PCR amplification of 255 individual LI elements was 
carried out in 25 \iA reactions containing 20-100 ng of 
template DNA, 40 pM of each oligonucleotide primer 
(Table 1), 200 \lM dNTPs, in 50 mM KC1, 1.5 mM MgCL 
10 mM Tris-HCl (pH 8.4) and Taq DNA polymerase 
(1.25 units). Each sample was subjected to the following 
amplification for 32 cycles: an initial denaturation of 150 
seconds at 94 °C, one minute denaturation at 94 °C, one 
minute at the annealing temperature (specific for each 
locus), and an extension at 72 °C for one minute. Follow- 
ing the cycles a final extension was performed at 72 °C 
for ten minutes. For analysis, 20 pA of each sample was 
fractionated on a 2% (w/v) agarose gel with 0.05 ^g/ml 
ethidium bromide. PCR products were directly visual- 
ized using UV fluorescence. The human genomic diver- 
sity associated with each LI preTa element was 
determined by the amplification of 20 individuals from 
each of four geographically distinct populations (African 
American, Asian, European, and South American) for a 
total of 160 chromosomes. 



Acknowledgements 

This research was supported by National Insti- 
tutes of Health ROl GM59290 (L.BJ. and M.A.B.), 
Louisiana Board of Regents Millennium Trust 
Health Excellence Fund HEF (2000-05)-05, (2000- 
05)-01, and (2001-06)-02 (M.A.B.), and National 
Science Foundation grants BCS-0218338 (M.A.B.), 
and BCS-0218370 (L.BJ.). 



References 

1. Smit, A. F. (1999). Interspersed repeats and other 
mementos of transposable elements in mammalian 
genomes. Curr, Opin. Genet. Dev. 9, 657-663. 

2. Prak, E. T. & Kazazian, H. H., Jr (2000). Mobile 
elements and the human genome. Nature Rev. Genet. 
1, 134-144. 

3. Lander, E. S., Linton, L. M, Birren, B., Nusbaum, C, 
Zody, M. C. et al (2001). Initial sequencing and 
analysis of the human genome. Nature, 409, 860-921. 

4. Smit, A. E, Toth, G., Riggs, A. D. & lurka, J. (1995). 
Ancestral, mammalian-wide subfamilies of LINE-1 
repetitive sequences. /. Mol. Biol. 246, 401-417. 

5. Luan, D. D., Korman, M. H., Jakubczak, J. L. & 
Eickbush, T. H. (1993). Reverse transcription of 
R2Bm RNA is primed by a nick at the chromosomal 
target site: a mechanism for non-LTR retrotransposi- 
tion. Cell, 72, 595-605. 

6. Jurka, J. (1997). Sequence patterns indicate an 
enzymatic involvement in integration of mammalian 
retroposons. Proc. Natl Acad. Sci. USA, 94, 1872-1877. 

7. Cost, G. J. & Boeke, J. D. (1998). Targeting of human 
retrotransposon integration is directed by the 
specificity of the LI endonuclease for regions of 
unusual DNA structure. Biochemistry, 37, 
18081-18093. 



Human Long Interspersed Elements 



1145 



8. Cost, G. J., Golding, A., Schlissel, M. S. & Boeke, J. D. 
(2001). Target DNA chroma tinization modulates 
rucking by LI endonuclease. Nucl. Acids Res. 29, 
573-577. 

9. Fanning, T. G. & Singer, M. F. (1987). LINE-1: a mam- 
malian transposable element. Biochim. Biophys. Acta, 
910,203-212. 

10. Kazazian, H. R, Jr (1998). Mobile elements and 
disease. Curr. Opin. Genet. Dev. 8, 343-350. 

11. Deininger, R L. & Batzer, M. A. (1999). Alu repeats 
and human disease. Mol. Genet. Metab. 67, 183-193. 

12. Kazazian, H. H., Jr, Wong, C, Youssoufian, H., Scott, 
A. F., Phillips, D. G. et al. (1988). Haemophilia A 
resulting from de novo insertion of LI sequences rep- 
resents a novel mechanism for mutation in man. 
Nature, 332, 164-166. 

13. Yang, Z., Boffelli, D., Boonmark, N., Schwartz, K. & 
Lawn, R. (1998). Apolipoprotein(a) gene enhancer 
resides within a LINE element. /. Biol. Chem. 273, 
891-897. 

14. Rothbarth, K., Hunziker, A., Stammer, H. & Werner, 
D. (2001). Promoter of the gene encoding the 16 kDa 
DNA-binding and apoptosis-inducing C1D protein. 
Biochim. Biophys. Acta, 1518, 271-275. 

15. Fitch, D. H., Bailey, W. J., Tagle, D. A., Goodman, M., 
Sieu, L. et al. (1991). Duplication of the gamma- 
globin gene mediated by LI long interspersed repeti- 
tive elements in an early ancestor of simian primates. 
Proc. Natl Acad. Sci. USA, 88, 7396-8400. 

16. Boeke, J. D. & Pickeral, O. K. (1999). Retroshuffling 
the genomic deck. Nature, 398, 108-109. 

17. Moran, J. V., DeBerardinis, R. J. & Kazazian, H. H., Jr 

(1999) . Exon shuffling by LI retrotransposition. 
Science, 283, 1530-1534. 

18. Goodier, J. L., Ostertag, E. M. & Kazazian, H. H., Jr 

(2000) . Transduction of 3'-flanking sequences is com- 
mon in LI retrotransposition. Hum. Mol. Genet. 9, 
653-657. 

19. Gilbert, N., Lutz-Prigge, S. & Moran, J. (2002). 
Genomic deletions created upon LINE-1 retro- 
transposition. Cell, 110, 315-325. 

20. Kazazian, H. & Goodier, J. (2002). LINE drive. Retro- 
transposition and genome instability. Cell, 110, 
277-280. 

21. Symer, D., Connelly, C, Szak, S., Caputo, E., Cost, G. 
et al. (2002). Human 11 retrotransposition is associ- 
ated with genetic instability in vivo. Cell, 110, 
327-338. 

22. Deininger, P. L., Batzer, M. A., Hutchison, C. A., Ill & 
Edgell, M. H. (1992). Master genes in mammalian 
repetitive DNA amplification. Trends Genet. 8, 
307-311. 

23. Skowronski, J., Fanning, T. G. & Singer, M. F. (1988). 
Unit-length line-1 transcripts in human teratocarci- 
noma cells. Mol Cell. Biol. 8, 1385-1397. 

24. Myers, J. S., Vincent, B. J., Udall, H., Watkins, W. S., 
Morrish, T. A. et al. (2002). A comprehensive analysis 
of recently integrated human Ta LI elements. Am. 
f. Hum. Genet. 71, 312-326. 

25. Moran, J. V, Holmes, S. E., Naas, T. P., DeBerardinis, 
R. J., Boeke, J. D. et al. (1996). High frequency retro- 
transposition in cultured mammalian cells. Cell, 87, 
917-927. 

26. Sassaman, D. M., Dombroski, B. A., Moran, J. V., 
Kimberland, M. L., Naas, T P. et al. (1997). Many 
human LI elements are capable of retrotransposition. 
Nature Genet. 16, 37-43. 

27. Boissinot, S., Chevret, P. & Furano, A. V. (2000). LI 
(LINE-1) retrotransposon evolution and amplifica- 



tion in recent human history. Mol. Biol. Evol. 17, 
915-928. 

28. Sheen, F. M., Sherry, S. T., Risch, G. M., Robichaux, 
M., Nasidze, I. et al. (2000). Reading between the 
LINEs: human genomic variation induced by LINE- 
1 retrotransposition. Genome Res. 10, 1496-1508. 

29. Ovchinnikov, I., Rubin, A. & Swergold, G. D. (2002). 
Tracing the LINEs of human evolution. Proc. Natl 
Acad. Sci. USA, 99, 10522-10527. 

30. Altschul, S. R, Gish, W., Miller, W., Myers, E. W. & 
Lipman, D. J. (1990). Basic local alignment search 
tool. /. Mol Biol 215, 403-410. 

31. Dombroski, B. A., Mathias, S. L., Nanthakumar, E., 
Scott, A. F. & Kazazian, H. H., Jr (1991). Isolation of 
an active human transposable element. Science, 254, 
1805-1808. 

32. Miyamoto, M. M., Slightom, J. L. & Goodman, M. 
(1987). Phylogenetic relations of humans and African 
apes from DNA sequences in the psi eta-globin 
region. Science, 238, 369-373. 

33. Bird, A. P. (1980). DNA methylation and the 
frequency of CpG in animal DNA. Nucl Acids Res. 
8, 1499-1504. 

34. Feng, Q., Moran, J. V., Kazazian, H. H., Jr & Boeke, 
J. D. (1996). Human LI retrotransposon encodes a 
conserved endonuclease required for retrotransposi- 
tion. Cell, 87, 905-916. 

35. Morrish, T. A., Gilbert, N., Myers, J. S., Vincent, B. J., 
Stamato, T. et al (2002). DNA repair mediated by 
endonuclease-independent LINE-1 retrotransposi- 
tion. Nature Genet. 31, 159-165. 

36. Moore, J. K. & Haber, J. E. (1996). Capture of retro- 
transposon DNA at the sites of chromosomal 
double-strand breaks. Nature, 383, 644-646. 

37. Teng, S. C, Kim, B. & Gabriel, A. (1996). Retro- 
transposon reverse-transcriptase-mediated repair of 
chromosomal breaks. Nature, 383, 641-644. 

38. Szak, S. T, Pickeral, O. K., Makalowski, W., Boguski, 
M. S., Landsman, D. et al (2002). Molecular 
archeology of LI insertions in the human genome. 
Genome Biol. 3 research0052. 

39. Grimaldi, G., Skowronski, J. & Singer, M. F. (1984). 
Defining the beginning and end of Kpnl family 
segments. EMBO J. 3, 1753-1759. 

40. Ostertag, E. M. & Kazazian, H. H., Jr (2001). Twin 
priming: a proposed mechanism for the creation of 
inversions in LI retrotransposition. Genome Res. 11, 
2059-2065. 

41. Arcot, S. S., Wang, Z., Weber, J. L., Deininger, P. L. & 
Batzer, M. A. (1995). Alu repeats: a source for the 
genesis of primate microsatellites. Genomics, 29, 
136-144. 

42. Economou, E. P., Bergen, A. W., Warren, A. C. & 
Antonarakis, S. E. (1990). The polydeoxyadenylate 
tract of Alu repetitive elements is polymorphic in 
the human genome. Proc. Natl Acad. Sci. USA, 87, 
2951-2954. 

43. Ovchinnikov, I., Troxel, A. B. & Swergold, G. D. 
(2001). Genomic characterization of recent human 
LINE-1 insertions: evidence supporting random 
insertion. Genome Res. 11, 2050-2058. 

44. Batzer, M. A., Gudi, V. A., Mena, J. C, Foltz, D. W., 
Herrera, R. J. et al. (1991). Amplification dynamics of 
human-specific (HS) Alu family members. Nucl. 
Acids Res. 19, 3619-3623. 

45. Guo, S. W. & Thompson, E. A. (1992). Performing the 
exact test of Hardy- Weinberg proportion for 
multiple alleles. Biometrics, 48, 361-372. 



1146 



Human Long Interspersed Elements 



46. Moran, J. V. (1999). Human LI retrotransposition: 
insights and peculiarities learned from a cultured 
cell retrotransposition assay. Genetica, 107, 39-51. 

47. Nakamura, Y., Leppert, M., O'Connell, P., Wolff, R., 
Holm, T. et al (1987). Variable number of tandem 
repeat (VNTR) markers for human gene mapping. 
Science, 235,1616-1622. 

48. Botstein, D., White, R. L., Skolnick, M. & Davis, R. W. 
(1980). Construction of a genetic linkage map in man 
using restriction fragment length polymorphisms. 
Am. J. Hum. Genet. 32, 314-331. 

49. Batzer, M. A., Stoneking, M., Alegria-Hartman, M., 
Bazan, H., Kass, D.H.et al (1994). African origin of 
human-specific polymorphic Alu insertions. Proc. 
Natl Acad. Sci. USA, 91, 12288-12292. 

50. Stoneking, M., Fontius, J. J., Clifford, S. L., Soodyall, 
H., Arcot, S. S. et al. (1997). Alu insertion polymorph- 
isms and human evolution: evidence for a larger 
population size in Africa. Genome Res. 7, 1061-1071. 

51. Jorde, L. B., Watkins, W. S., Bamshad, M. J., Dixon, 
M. E., Ricker, C. E. et al. (2000). The distribution of 
human genetic diversity: a comparison of mito- 
chondrial, autosomal, and Y-chromosome data. Am. 
/. Hum. Genet. 66, 979-988. 

52. Perna, N. T., Batzer, M. A., Deininger, P. L. & 
Stoneking, M. (1992). Alu insertion polymorphism: a 
new type of marker for human population studies. 
Hum. Biol 64,641-648. 

53. Hammer, M. F. (1994). A recent insertion of an alu 
element on the Y chromosome is a useful marker for 



human population studies. Mol. Biol. Evol. 11, 
749-761. 

54. Ausabel, F. M., Brent, R., Kingston, M. E., Moore, 
D. D. & Seidman, J. G. (1987). Current Protocols in 
Molecular Biology, Wiley, New York. 

55. Jurka, J., Klonowski, P., Dagman, V. & Pelton, P. 
(1996). CENSOR — a program for identification and 
elimination of repetitive elements from DNA 
sequences. Comput. Chem. 20, 119-121. 



Edited by /. Karn 



(Received 4 November 2002; received in revised form 18 
December 2002; accepted 20 December 2002) 



SCIENCE DIRECT* 

www.sciencedirect.com 



Supplementary Material is available on Science 
Direct 




o 

2 

a 

o 

• i—i 

13 
o 
o 

CO 

s 

•c 

Oh 

S2 
B 



d 
o 

• 1-H 

co 

CO 

a 
o 

< 

00 



CO 

CD 

N 
• i— i 

OO 

+-» 
O 

•§ 

2 

PL, 

u 

PLh 



CO 

a 
o 

o 
o 

B 
o 

CO 

O 

e 

I 

u 

«\ 
CO 

s 

•c 

PLh 

u 

PLh 

H 

CO 



Q 

os 
c 

cy 

s 

pCD 

a 
a 
s 

C/5 



cy 



C3 

H 



CO 

a> 

IM 

CO 
-»-» 
o 

2 
a. 



li 



CO 



CO 



LU 



CD 



3 a> 
X > 

b 



CNJ 



CO 

■ 

En 

a> 
o 
c 



CO 

k. 
cu 

E 

•c 

CL 



CO 
■ 

So. 

u 
c 
o 

o 

CO 

a> 
E 



CO 

u 

3 



CD 

E 

(0 



+ 




+ 


+ 


+ 


+ 






CNJ 






CO 


CM 




CNJ 


' LO 




LO 


CNJ 








CNJ 


CM 



cd 



+ 
o 



OO h- 
LO CD 



+ 



^ CNI ^ ^ O N 
CNI CNJ x — 



CNJ 



+ + + + 

tY-j OO CD t— 

" N OO 

CNJ t— 



^ o ^ 

O) (M t- 



^ CNI 



CO 



.A CO ^1" CO CD 
r S CO CVJ CO 
^ t- CO CO OJ 



S s: & 

^ I s - CD 



CO CNJ CD 

cnj co 

CO t- t- 



s 



o 



OO 



CO t- 



2 S £ ? CD OO 



CD 



CNJ 

CO OO 



CO 
CO 
CNJ 



CD 



CNI 
OO 
CM 



s co 9 ^ « 

0>) m °0 CO CO 
CNI CNJ CNI 



|-«- T— 

h- CO 
OO 

CO CO 



co co cnj co 
in co o 
co <<f in 



CD 

oo og 

CO 



CO CO 
CNJ 



OO 



LO 



OO 



CO 



^io<>JcocoooocMr^^coLOh- rn h--oooor-- 

(D(D^(D^^(D l W(DCDCNCNrO(DCDC\rOCDT-^CN^CNJCD(D(D 



D_ u_ Q_ cy U_ 
Ll_ — Ll_ I 



S 5 

Q_ 



O O CO 
CO CD LO 



LO LO LO 



CD 
LO 



CD CD LO O CO O O 
LO LO LO CO LO CO CO 



T-r^ocDoocooo 

COLOCOLOCOCOLOLO 



o co h- oo t- 

CO LO LO LO CO 




cd 
o 



cd 

I— 
< 
o 
h- 

< 
cd 



o 
I— 
I— 

CD 

< 

CD 



CD 
I— 

O 



o 

o 
I— 
< 
o 
o 



< 
cd 
< 

1= 

< 

I — 

I — 

o 



I- o 

cd a 



< 



o S 
o a. 

CD LU 



Q 
LU 



CD 

< ^ 

a 



< 

£ co 

\ — | 

< 2 

O Q_ 

< LU 
CD (Z 

o 2 

cd — 

< Q 
CD LU 

< h- 

cd ct: 

CD LU 
CD 



S5 

CL 
LU 



Q 
LU 
I— 

q: 

LU 



CD 
I— 

a 
< 
o 
o 
o 
o 
< 
< 
o 



o 

I — 

o 
o 

CD 
CD 

1= 
\— 

o 

a 
i — 
o 
o 

I — 

o 
< 



< 
o 
I— 
o 
I— 
< 
I— 
I— 
< 

CD 
\ — 

o 

I— 

< 

CD 
I— 

o 

CD 



i 3 s 



o 
o 




en a: 

LU LU 

co co 



O 
i — 

o 
o 

CD 

O 
LU 

a 

LU 

CO 
LU 
O 

Q 



_ _ LU 



CD 

< CD 
CD CD 




U 
CD 

»< 

a 
i — 

< 

CD 

CD 
t— 
O 
< 

o 
< 

CD 
I — 
CD 



1= 
O 



CO 

Q_ 
LU 

a: 



cn 

LU 
CO 




CD 

< 
o 

Q LU 



CD 



O 
O 



CO . r 

\— CD 

LU ~ 
Q_ 



< 

< 
o 
o 
< 



LU 

CO 



LU 

CO 



o 

LU 

CO 

u_ 

o 



o ^ ^ 



CNJ 



CO 



LO >- 



CNJ 



CO 



f- CO t— — - 

x— O-Q-CLCTCNJcOfifr^. 

CJ N N N ID O" CT 

r^- X *~ 



Z X ^ 

CM 



CNJ ^- CM CM 
CMCOT^^CM Q. ^~ 

X ^ X X 



>- CM CM >- 



LO 

cr n- 

LO 



CO x — 

CM CO CO 

cr cr cr 

X 



CD LO CNJ t^- 

CO O I s — CD 

s ro in ti- 

O O OO CD 

t- ^- o o 

o o o o 

o o o o 

< < < < 



r- m co 

CO CO CO CO 

X DC X X 



f — CO CO t— ^ 

^ CO N CX O) 

CD ^- N ^ CD 

o co ^ ^ 

CM O O O 

o o o o o 

o o o o o 

< < < < < 



^ CM 

r-. co 

CD CD 

lZ 3 

< < 



OO OO 
CO CO 



co 

° ° CO 
° <=> LO 

o o S 

<r <r i 



CO 


o 


CO 


OO 


CO 


T 




CM 




LO 


CD 


CO 


o 


o 


CO 
CO 


CNI 




CM 




o 


CD 


CNI 


LO 


CNI 


OO 


CD 








OO 


LO 


CO 


CO 


CO 


CO 


CD 






CNJ 


CO 


o 


co 




LO 


CM 




r- 


CO 


CNJ 


CNJ 


CD 


LO 


CO 


CO 




CD 


o 


CM 


CD 




CD 


o 


CD 




h- 


O 




LO 




CD 


oo 


O 


■«sr 


CNI 


CO 


h- 


CM 


LO 


CM 
CNI 


CD 




CM 


O 




CO 




o 


O 


O 


o 


o 


CD 


Q 




o 


O 


O 


o 


o 


CD 




o 


CD 




o 


CD 


O 


CD 


O 


CD 


o 


o 


O 


o 


O 


o 


CD 


o 


o 


o 


CD 


O 


o 


CD 


O 


o 


CD 


O 


o 


CL 


o 


o 


O 


O 


a 


O 


O 


a 


o 


o 


a 


o 


3 


O 


o 


O 


O 


O 


O 


o 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 



LO CO I s "- CO OD 
CO CO CO CO CO 
X X X X X 



* 

o 




CNI 


co 




LO 


CO 




co 


CD 


o 




CNJ 






















CM 


CNJ 


CM 


CO 


CO 


CO 


CO 


CO 


CO 


to 


CO 


to 


CO 


to 


to 


CO 












X 

















3$ ^ 

•^r lo 



<§)%(§) 
i^. oo cd o i- cni 



CM CM CM 
CO CO CO 



CO CO CO 

CO to to 



* ^ 

LO CO 

CO CO 

CO CO 



at 
1^- OO 

co co 
to CO 



m 

o 
m 

cd 

PL, 



o 
o 

CN 

m3 
CN 



3 s ^ s 



CNJ 

s 



cd 

CM 00 



+ CO 

co ^ 



o + 

CO 



O) f t N i 

(Y5 CD rs_ P— 

2r n m 

^ t- CM 



co ^ 



CM 



+ + + + 

CO CO CO CD 

N CO O O 

co co 



i <o ? s 

S S S H 



r- O) CM O) 
LO t- CO CM 



CO 



T~ CO 

co h- 

t- CO 



t- CM 
lO CM 



CM 
CD 



s 



CO 



UO CO CO 
CO CO "ST 
lO CM CM 



O rs^ CD t- O t- 

lo ^ co cd co 

CM r~ CO LO CM i- 

CjO CO CO 



^ — 05 CO CO t— 

tj- t- cd o cr> 

I — O i — O lO CM 

CO CO CO CO CO CO CO 



cn co ^ co 
co £ co 
lo P 



lO CM CM 
O CO LO 
^ — CM 



D_ Q_ Q_ Q_ 



i_i_ ll_ fY rv 

H H 11 LX. LI. 



U CL 
LU Li_ 



Lt LL ff Lt 



Q_ U_ 



CM CM 

co co 

CO CO 



LO 05 



N Q CM 



CO CD ^— CO CD 
h-. OO CM CO CM 
t— Tl" 00 "«J- 



05 
OO 



io cd co 

CD CO CD 
*^J- t- LO 



o cn 
05 co r — 



cm 

LO 
LO 



co 

CO ^ CN ^ 



LO 

CM U 



CM ID ^ 



co co 
o 



co 



co 

OO LO 
CO h- 



LO 

co 

CO 



LO 



LO 
CO 



LO ^ 



a: ^ R- a: R- ti= y= 



ac 



cl u_ 



LO CM CO ^ 

r-~ co ° 

§ CO LO O) 



CD 



,y iy Q. Q. LL Q. 



VP 
/■ — s 

OO 

*o 

ON 

m 
i 

(N 
O 

o' 

CN 

s© 

B 
o 

CN 

x© 
o x 

§• 

r/i 
O 
CN 

O 
CN 

a 



r — CD OO CD 
LO CO LO CO 



CD 
LO 



cn 

CO LO 



CD CO 
LO LO 



o 

CO 



CO h- O CD 
LO LO CO CO 



o o 

CO CO 



OO CO CD CD CO 
LO LO LO CO LO 



OO o 

LO CO 



s 



o 

2 



a 
o 

• 1— I 

o 
o 

S3 

s 

■c 

Oh 

E 

<D 



o 

on 

LVD 

o 

00 




CO CO 

I — \— 

is si 

CL Q_ 

LU LU 

etc etc 



Q Q 

LU LU 

I — h- 

cn ac 

LU LU 

CO CO 




CO CO CO 

I— I— I— 

55 25 21 



CL 
LU 

etc 



Q 
LU 

ctc 

LU 

CO 



CL CL 
LU LU 

oc a: 



Q Q 

LU LU 

LU LU 

CO CO 



£ £ £ £ o o ^ 




CO CO 

h- I— 

S JS 

CL CL 

LU LU 

a: ct: 



O Q 

LU LU 

I— I— 

etc a: 

LU LU 

co co 





CO 



cr cr c a a o" v ^ o 
XcoXcocoxX^cm 



o 

CM 



o < 

o o 



O Q. O 
t- CO i- CM 



3 

I— 
< 

o 

I— 

a 

S5 | 

CL *~ 
LU O 



5 g 

LU cjj 
^ < 



CM CD 
cr t— 



< 
< 

o 

$ 

o 

< CL 



O 
I— 

o 
o 
o 
o 



ct 



Q 
LU 
h— 

CtC 



5 ^ 
< ^ 



co t- 



< 
CD 



< 

< 
o 
o 



o 
< 
o 
o 

I — 

o 



oo 




< 
I — 

CD 
I— 
I— 

^ CO CO 

< & 
o 2i S 

O CL CL 
tT LU LU 

P etc etc 



o 

I — 

o 

J— 
CD 

< 
o 

35 3S o o 
& Si o S 

etc etc < 



co co 



r7 < 
LX o 

LU < 



o 

O 

a 
o 



etc etc 

LU LU 

CO CO 



CD- 
CM "3- 



LO 



iS" o ^ o- 

CM CD 



LO 00 

X 



LU LU P 

SEE" 

» s § 

2 2 £ 



LO 

CM Q. -^J- 

cr ^- <«- 




co co 

h- I — 

55 iS 

CL Q_ 

LU LU 

QC CtC 



O O 

LU LU 

£ & 

LU LU 

CO CO 



^ ^ O O 




CM 



LO 



CO 



CO TJ- OO CD CO 

OO OO CD CD CM 

lO CM OD CD 

x— CO CD CM CM 

CO CM CO CM CM 

3 3 3 3 3 

< < < < < 



LO CD 
00 CM CD 



t— CD 
CD CD 

lo r^- 

CO 
CM CD 
'r- O 



CD OO 
CO CO 

co r^- 

CO 
CD 



< < < < < 



f— CO 

CD CM 55 

CO CD 

N CO P| 

CO N g 

o 

j j O 

< < < 



LO CO CD 

Jf? CO CO 

co co 

CO CO CM 

5 " ? 

O — I > 

< < < 



o 


LO 


CD 


CD 


CD 


CD 




OO 


CD 


CO 


LO 


CD 


CD 


OO 


LO 




CO 






LO 


O 


LO 


LO 




CM 


CD 


CM 


o 


CD 


o 


O 


o 


CD 


o 


CD 


o 


O 




O 


O 


O 


O 


< 




< 


< 


< 


< 



o °o 
cd 

O CD 

o o 

u_ O 

< < 



SO 
CD 

CO 

^- CO 

CD O 

CD O 

o o 

< < 



CD CM 

CM LO 

CO i— 

CO CO 

CO CO 



< < 



CO CO 

S £ 

^r- CO 

O CD 

CD CD 

CL O 

< < 



OL _ i. CM ri 

i- ^ LO cr CO <§" CM 

CM 



CO LO Q 

CO O LO 

CD CM ^j- O 

O CD ^Z- CD 

O J~ oo « 

O O o 

Cl O oo O 

< < M < 



o 






CD 




CD 


CD 




co 


OO 




OO 


LO 








CO 


co 


LO 


LO 


CM 








Ll_ 


Hj 


m 


_j 


< 


< 


< 


< 



(D 



O % ^M 
O CD O 



* % 
CO "*3- 
O CD 



* * % % 
CO OO CD O 
O CD O i— 



® 

CM CO LO 



% % ^fc % O^CMC0^C00pc^ O^CMC0lOC0r^00CDC0^-L0 
LO OO CD 

COCOCOCOC/DCOC/DCOCOCOC/3COCOCOCOCOCOC/5COCOCOCOCOCOCOC^ 



SfiE ^tts 

OO CD CO LO <o CD O i— CM CO 

— ■« — CM CNJ CM CM CM CM CO CO CO CO 



3 



lo co r — 
co co co 



o co LO 

LO LO LO LO 



o 

CN 
00 

X 

o 

CN 
s© 
o x 

c2 

O 
CN 

O 

CN 

I- 

a> 

g 

in 
*£< 

§• 

H 
o 

CN 

N© 

ts 

Q 

o 

CN 
s© 

Cl 

§• 

» 

oo 
N 

^5 



to 

o 

00 
cd 



o 
o 

CN 

cn 



lo 

CM 



+ 

o 



+ 

lo 
eg 

CM 



^ + + „_ 

LO ^ ^ LT» 

J CO I s *— 

CNI CM 



+ 

CO 



+ 



CN 



CM 



o oo oo 
CO oo cd ^ 
- CM - 5£ ^ 



+ + 

CO CM 

h- co 

CM 



+ 

m 

CM 
CM 



CO 



CM 

cn 
oo 



CD 



"<3- CD f— 

CD CO h— 

t- Q 

CO x— 



CO O CM 
°0 ? CM ? 



CO 



CD 



co 00 

CD 



h- CD 

CD O CD 

CO LO UO 

CM i— 



co 

o 

CM CD 
CD CM 



CD 
CD 
CD 



CM °> 



cd r^- 

CO LO 

CM t— 

CD CD 



CO 
CM 



10 



3 



+ + 
"tf* LO 
O 
CM CM 



CO CO CD 
CO LO CD CO CD 
CO CM ^ — CM CM 



+ 
O 
CO 
CM 



LO 
CO 



+ 

CM 
OO 



OO CD 
O ^ 
t- CM 



O CM LO CD O 
CD CM LO CO LO 



CD 



CO 
CM 



CO f-j-, CM CM fy-, 

cM2?LO^:cMS222r^. 



00 ^ 



CD 

co 

CO 



CD 
CD 



CO CD 

t— LO 

CO O 

CO CO 



r^cOLOOOCOT— t— COCO 

5? CM CO CM CM LO 
CO CM CD CD 



O CM CO crj _ 
CD CO *~~ 



o cm r- 
o) in 

CO 



0:CLQ_Q_Q_ fV U_ rV Q_ rV CL 



O CD 
CO LO 



O O CM CD 
CO CD CO CD 



— CD O O LO 
CO CO CO CD LO 



CO CD 
LO CD 



8 



CD CD 
CO CO 



LO 



O CD CD 
CO CD CO 



CD 
CO 



CD 
CO 



o x 
OO 

m 
i 

CN 

w 

o' 

CN 
no 

cd 

o 

CN 
no 

2? 
& 

co 
O 
CN 

O 
CN 



o 
3 

8 
em 

1 

o 
o 



03 

1-1 

<D 

s 

co 



c 
o 

♦ 1— I 
C/J 

o 
oo 




o 8 g 

2 S | 

CD CD ^ 



CO 

l — 

55 

CL 
LU 

or 



Q 
LU 

I— 

or 

LU 
CO 





CD 



co 



< 

LU 
CL 



^ O 



CD 

t a — 

CO < Q 

^ O LU 

5 o i— 

o o q: 

P n lu 

1= < ^ 

< O ^ 



CO ^ >" CO ^ P " 



or 
o 

LU 

or 

LU 

CO 



o 
o 
o 
I— 
h— 

cd 
< 
o 

CD 
CD 



O 

CD 
I — 

<c 

CO 
I — 

<c 
o 

1= 

< 



CO CO 



55 

CL 
LU 

or 



CD 

t— 

CD 
I — 
<C 
CD 
< 
t— 

O 
CD 



55 

CL 
LU < 

or o 

T7- o 



o 



CD 



^ o 



o or 

h- LU 

CD <2 

CD ^ 



or o 
in <. 



CO 




Q- O" CM —5 - 
CD t— O" 



CM 



O" CD Q. "^J- O" CL s. OO Q. 



M- K lO ^ X ^ ? 



cr 



CO >~ >- 



CO 



LO CM 



LO 



CD 



O CD 
CM 



CD- 
CO 



CM 

SCO 

<D CO 

S ° 

O CD 

< < 



LO LO 



<p CO 

f^; CO 

§? ™ 

8 ^ 

a _j 

< < 



CD O 
LO CO 



^ ^- 

o LO 

co 

CD CD CO 

o CO ^ 

O ^ CD 

O — I CD 

< < < 



CM CO 
CO CO 



^5 CO CO CO CO 



_ 2 

CO CO CO 



cd 
H 



CO 






CM 


CD 




CO 


CD 


CO 


o 


CO 


^a- 






CO 


CD 




CM 




O 


O 


O 


o 


CD 


o 


o 


o 


a 


< 


< 


< 


< 


LO 


* 

CO 




CO 


CO 


CO 


co 


CO 


CO 


CO 


CO 


CO 



















CD 


LO 


CD 


CO 










LO 






CM 


CO 




CO 


CD 




CO 


CO 


LO 








CO 






Lj 


_J 


< 


< 


< 


< 


CD 




CM 


CO 


CO 








CO 


CO 


CO 


CO 


X 


X 















CD 


LO 


o 


CD 


CO 


CD 


CD 






CO 


CO 


h- 


LO 


O 


OO 


CD 


"d- 


o 


CM 


h- 




LO 




CO 




CD 


LO 


CD 


CM 




CM 




O 


CM 


CD 


O 


o 


O 


o 


O 


CD 


O 


a 


O 


o 


O 


o 


O 


O 


< 


< 


< 


< 


< 


< 


< 



CO 


r-- 


CM 


CO 


r- 


o 


co 


CO 


LO 


o 




CO 


CO 






o 




CD 




CM 


LO 


LO 


LO 


LO 








CO 


CO 






_j 


1 


_i 




< 


< 


< 


< 


< 



LO CO 



co 



CD o 
oo 



r— CO 
CO OO 



to 

CO CO 



co 

co CO 



co 

CD 
CO 
CO 

o 

a 



CD CD 
CO CD 



CM 


o 


CO 




CO 


CM 


CM 


h- 


co 


CD 


CD 


CO 


CO 


CD 


CD 


CO 


LO 




CM 


CO 


CO 




CO 


CO 




LO 


h- 


CD 


CD 








CM 


CM 


O 


o 


CD 


O 


o 


CD 


CD 


O 


O 


o 


O 


o 


O 


O 


O 


< 


< 


< 


< 


< 


< 


< 



CD 
CO 



* 

CM 
CD CD 



CO LO 
CD CD 



co 

CD CD 



COC0COCOCOC0COCO 



CO CO 
X 



cocococococococococo 



Q CM 

p o 

CM CM 

CO CO 



O LO 
LO 

r*- oo 
r^. 

LO LO 

CO x— 

— I _J 

< < 



CO 

O O 

CM CM 

CO CO 



O 
CN 

nP 
o x 

00 

s 

o 

CN 
so 

a 

O 
CN 

O 
CN 



d> 

s 

§■ 

C73 

H 
o 

CN 

cd 
cd 

Q 

o 

CN 

\° 

Oh 

& 

CO 

« 

GO 

I 

<D 
N 

td 
5 



Cm 

o 
to 

CD 

a 



o 
o 

<N 



0 s - 



CO 



CD + + + + 

CO N S " ^ ^ ^ 
- ^ CO cm « 



+ + 

CO o 

o co co oo 

"^3" CNJ t — CO 



oo 

CM 
CM 



-3- 



+ co 
c3 ™ 



LO 
CM 



CD 

in 

CO 



lo 
o 

CM 



S 2 S 

^ CM - 



CD 



+ 

o 

CO 

co 



+ 

CO 
CD 

CM CM 



it CM 
CM 



+ 

CO 
CO 
CM 



LO O 

cm r-. 



^r^;OC0CMU0'^- rn C0 



CM 
CO 



to oo 

CO t- 



co 

CM 



. s 



£ co -- 

CO CO 



o 

CM 



co 



co o to 

5 2 8 



oo 

CM 



^ CO O) 

O O CO 

h- CM CO 

CM CD CO 



CO 
O 
LO 



CM t— LO O CD CM 

OJ O t- m (O !l 

co o o -— r~ 

IO CO T- 1- ^ T- ^ 



CO O t- 



CO CO CO 

co co o> 

O «r- CD CM CM 



» ' " ) -~ (T\ CO ~— CO " V M V Nt T •<— W. ■> , , , , , , 

CO^CMCOx-^COO^COCOCOCO^t-LOOJ^^^t^^C^ 



CM CM t— IO CO 



CO CM 



LO x— 



CDCOCDCOCO"<3---COCM 



LO 



CO CM CM 
CM 



CM 



CO CO 



^^Cofe^^^CMCM 



CO CO 
CO LO 
CM CO 



^j - co lo r — 



CM co 



CM 



Q.aQ.CLLtLtQ.lLLL 
U_LL.U_L4_Z2LL.Xn: 



Q- rv U_ 



cc: tt q: tt a: 



a: S_ a 



iQ_ u fQ_ u f £ : _b£-: 



o_ ft; a. P- 



CO LO CM CO CM CO 



CL ^ Q_ Q_ Q_ (y 

U_ U_ LL. U_ 



00 
On 

m 
i 

<N 

©, 

o' 

CN 

no 

T3 
O 
<N 

Oh 

& 

co 
O 
(N 
s© 

© 
CN 

o x 

CD 



s 



ooor^cor^ooo 

COCOCOLOLOLOCOCOCO 



en 

LO 



o 

CO 



o o 

CO CD 



o 

CO 



o 

CO 



o 

CO 



O O CO 
CO CO LO 



LO 



o 

CO 



CD CO CO 
CO LO LO 



o 

CO 



o o 

CO CD 



o 
-a 

2 



o 

• 1—1 

■s 

o 
o 

hJ 

«s 
CO 

CD 

s 

•e 

Ph 

«•> 
CO 

cd 



a 
o 

CO 

CD 
00 

cd 

5h 



cd 

I— 

o 

5 t 

O h- 

o a 
o < 

cd o 

I — < 

o 

I — 

o 



J— o 

I— J— 

cd cd 

< o 

O j- 

O O 

< CD 

a < 

o o 



< 
a 



< 

5 CD 
I— I — 
o < 



CD 
CD h- 

t < 

O CD 
O h- 




CO 
J— 

S5 

LU 

DC 



Q 
LU 
I — 
0_ 
LU 
CO 




a 

CD 

CO CO 

f— s£ i— 

< t < 

LU ^ LU 

Q. CD Q_ 

LU O LU 

Q_ O C£ 

^ O _= 

Q 
LU 

ir t 

111 m 111 

co y co 

^ < ^ 



< 

CD 

< 

O P 

si 

< § ^ 

< O LU 

< t Q_ 
O ^ LU 

cd Si — 

CD O Q 
< LU 

CD O LU 

I — CD £5 

o < ? 



p < 



o 

CD 
CD 
< 

< 
CD 
I — 
CD 

O 



< P 



o 
o 
I— 
< 
o 

I — 
CD 
I — 
O 
I — 
O 



< 

a 

CD CD 



CD O 




< 

CD 

< 
o 
o 



o 

o 
< 

I— 
h— 

CD 



CO O co $ 

Lti 



Q_ 
LU 
U- 



Q 
LU 
I— 
Q_ 
LU 
CO 



a 

CD 

i — 

i= 

o 



S5 

CL 
LU 



CD 
I — 

o 
I— 
< 

CD 



CD 
< 

a 
i — 

CD 
h- 

•z. o 
o 

S 9 

£ I 

O 

o 



CD 
CD 

< 

o 
a 
\ — 

CO 

J— 

_5 o 

CL O 
LU O 

cc < 



Q 



o 
< 
o 
o 



a 
i — 

CD 
h— 

U 



o 

CO CD 

CD 
< 
CD 
< 
CD 



< CD 
CD < 

< CD 
I — I— 

O b 

CD CD 



CD 



a 
a 



Q_ 



CO 



LU ^ 



^ CO CD X CD CO ^! >^ 



CO 



I— <r 

cr p 

LU CD 

^ CD 



coa>h--h--CMcoLOcoXcT>XcoXcoco$2 



CD 
< 
I— 
< 
CD 



cd a 

o P 

O O 

I — h- 

O CD 

< I— 

O I- 

I — CD 

CD < 



CM 

to 



CO 



CD 



CD 
CD 

CD 



_5 CD 
q. CD 

LU 

a: 



Q 
LU 
\— 

LT 
LU 

CO 



o 

I — 

<c 

CD 
CD 
< 
O 
< 



co £2 



< 
o 

CD 

t— 

cO CD 

cl <r 

LU h- 

0- < 

Z CD 

— CD 

Q < 

LU I— 

y— CD 

lu << 
co 3 

f_ CD 



X co 



CD 
»— 
CD 
J— 
O 



o 



CO 

h- 

IS 

CL 
LU 



Q 
LU 



CD 
l— 
CD 



O 

O O 

t— < 

P o 



h o o 



< < 

P CD 



< 

CD 
I — 
CD 
CD 
< 



5 ^ 

LU P 

^ CD 



8 ^ 

o o 
< 
o 

I— I— 

I — o 

CD < 

< O 



CO 
h- 

0_ 
LU 
CC 



Q O 
LU h- 

LU g 



CO 



CD 



CD 
l — 

CD 
CD 

O 



LU O 
CL < 



LU 
□_ 



< 
I — 
CD 



O CO 

CD H- 

CD °_ 

^ LU 

CD °- 



LU rn 

co b: 



CD 
CD O 

3 



CD ^ 
_= CD < _= 



Q 
LU 
I— 
CC 
LU 
CO 



CO t- 

XCM CM 

cr Q. 

OO CO 



CM 



LO 



CM 



CM 

CT N CD 
LO 



CM CO CO CO 

CO CO CO LO O 

co oo r^- t — co 

lo -a- "-r CO lo 

LO LO LO LO CO 

CO CO CO — 

_l I I I I 

< < < < < 



CO 


CD 


CM 


CO 


CO 


o 


CO 


o 


o 


LO 


CO 


o 


CO 


CO 


CM 


CO 






CM 


CO 


LO 










CO 




CO 


O 


CO 


CO 




r^. 






CO 


co 


CO 




CO 




LO 


CO 


o 


CO 


CM 






CM 




o 




o 


o 


o 


O 


o 


o 


O 


o 


o 




O 




O 




O 


o 


O 


o 


< 


< 


< 




< 




< 


< 


< 


< 



CM 


CO 




CO 


CO 








CO 




1^- 


OO 


CO 


CO 


CO 


a 


CM 


LO 


o 


LO 




CO 


co 


o 


CO 


CO 


CO 




CO 


LO 






CO 




CO 


CO 


LO 






LO 


o 


CO 


LO 


CO 




CO 


CO 


3 


LO 


r^- 


s 


CO 




LO 


LO 


^1" 


LO 


LO 


LO 


LO 




CO 


LO 


LO 


LO 






CO 




CO 




CO 


CO 


CO 


CO 


CO 


CO 




< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 



O CO 

o 

SLO 

CO LO 

CO CO 



LO 

s 

co 



CM 



o co 

— i i i CL CO 

< < < < M 





CO 


o 


CO 






CO 




CM 




o 


CM 


CD 




CM 


CD 


CD 




CO 


CO 




O 




CO 


o 


O 


O 


o 


o 


o 


O 


o 


O 


o 


o 


< 


< 


< 


< 


< 



CO 


* 


CO 


CO 


o 




CM 


CO 




LO 


CO 




CO 


CO 


* 

o 


CM 


CO 




LO 


o 


o 


o 


CD 






















CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 




m 




X 








X 




X 




X 


X 






X 


X 


X 


X 


— 1 




-J 


_J 


_J 


—J 


1 


_l 


_J 


_J 


__f 


__l 


—I 


_l 


_l 


—1 


—1 


—1 


—I 



® 



r->- oo 

CM CM 

CM CM 

CO CO 



CD -- 

CO CO 

CM CM 

CO CO 



CM CO 

CO CO 

CM CM 

CO CO 



* « 

CO CO 

CM CM 

CO CO 



CO oo 

CO CO 

CM CM 

CO CO 



* 

CD 

CM 
CO 





"cm 


CO 




LO 










"3- 


CM 


CM 


CM 


CM 


CM 


CO 


CO 


CO 


CO 


CO 


X 




X 






— 1 


_i 


__1 


—1 


_J 



co r«- 

CM CM 
CO CO 



CO CM 

CO LO 

CM CO 

CD LO 

CO LO 

CO CO 

— I _J 

< < 



CO CO 

"d- -*a- 

CM CM 

CO CO 

X X 



< 

o 

CN 
s« 

CO 

s 

O 
CN 

c2 

o 

CN 

O 
CN 

\0 



JO 

3h 
& 

00 

H 
o 

CN 
no 

13 

Q 

o 

CN 
CL 

& 

00 

-a 

CD 

I 
I 

CD 

I 



m 

O 

Ph 



o 
o 
cn 

CN 



OO 

as 

m 
i 

<N 
O 



o 

O 
Oh 



a 

o 
■ ^ 

13 
o 
o 

6 
■c 

Ph 

«\ 
CO 

u 

s 

I 

o 

• i-H 

CO 
CO 

<L> 
O 
U 

< 

OO 



CD 



+ 

CD 



S 1 ^ 



CO 

oo 



+ 



o 

CM 



+ 

CO 
OO 

eg 



+ 

CO 
CM 
CM 



CO 



+ 
CD 

CM 



+ 

OO 
CO 
CM 



+ 
CO 

CM 



CO X 

co jt 



CM 



CM 



CO 
CM 



10 rv» 
CM h - 



CO O 

CM OO CO 

o h- a> 

CO * — CO 



o 



OO 
LO 
CO 



h- CO t— 

CD CO 

h- OO ^J" CD 

^~ CD t- 



S5 



CO LO 
CO O 



^1" 
CO 



fss§ 

OO CM g 



o 

CM 



CD 



LO 
CO 
CM 
CO 



CO 

T 

CO 



o 

CM 



LO 
CM 



CO 



CO 
LO 



5 



OO 
O 
CM 



CM ° 
t— CM 



CO 



CO 
CO 
CO O 
CO CO 



CO 

co 



oo ^j- h- 

cn n. 

CN OO 

CO CM t— 



LO 

CJ> 



CD CO i— 

OO CD OO 

CO O 

^ — ■» — CO 



(Y Q_ D_ (Y lj_ 

LL - II li LJ- n 



Q_ O 
LU 



OH 



O Q_ O Q_ 
LU LL. LU 



ft oh oh oh oh oh 



oh £ 



cl o 



oh 



LO CO • 

CO i- i- 
CM CM t- 



r - *— oo 

CO LO i- 

lo co 

CO LO t~" 



a oh li_ cl 



LO 



LO 



CO 



CO O 
CO CO 



8 



LO 



CD 



OO 
LO 



CO 



O CO o 
CD LO CD 



CD 

I— 

o 
o 

I— 
CD 



CD CD 



CO CO GO CO CO 



< 2 

S2 ^ 

< UJ 

o 5= 

CD 55 

CD ^ 



a 
o 

h- 

o 
o 

I— 

o {2 

35 

CL 



< < 

UJ LU 

Q_ CL 

LU LU 

oh oh 



LU LU 

h- h- 

CtC CL" 

LU LU 

CO CO 




a a 

LU LU 

I — t— 

OH OH 

LU LU 

CO CO 



a: *rr 

UJ cj 

°2 < 



< 

CD 

» s 3 

a ^ a o 

UJ ^ LU < 

CO Q CO CD 

U_ I— u_ 

a oh a 

Q W Q 

z 55 z O 

LU — LU <£ 



o 
o 

CD o 



CO CO CO CO 

w h— I— I — I— 

^ < 55 55 55 55 

Q_ CL CL CL 

LU LU UJ UJ 

OH OH OH OH 



o o o o 

LU LU UJ UJ 



OH OH OH OH 
LU LU UJ UJ 
CO CO CO CO 



UJ O 




CD 



< 

CD CD CD 



CO CO CO CO 



CD 

< 

CD 
\— 
CD 

CD 
I — 
O 

o 
< 

I— 

CD 
< 



p co ^ ^ 



a: 



or 

UJ 

co 



35 35 

CL CL 

LU LU 

OH OH 



Q Q 

UJ UJ 

\— \— 

OH OH 

LU UJ 

CO CO 



LU UJ 

CL CL 

LU UJ 

OH OH 



Q Q 

LU LU 

•— *~Z 

OH OH 

UJ UJ 

CO CO 



O O 

o a 

CD CD 



O 

8 J2 



S ? F ^ 

e % i UJ 



o o 

LU LU 

a a 

LU LU 

CO CO 

LL LL 

O O 

Q Q 



O ^ 

O ^ 

I — z 

S pj 
^2 



< 
o 

I — 

o 

CD co 

< S 

CL 
UJ 
OH 



CD 
CD 
O 



— — _ _ _ 111 UJ 



< co 

CD ^ 



o LU 

CD 92 
CD ^ 



< 
o 

CD 

< 

CD ^ 

CD 

Q CD 
UJ CD 
< 
CD 
CD 
< 



O 
I — 

CD 
I — 

CD 
I— 

O 

o 
o 



< 

CD 



CO 



CL 
UJ 
OH 



OH 
UJ 

CO 



CD O 
I — < 

o o 

CD CD 
CD < 
CD 



< 
I — 

CD 
I— 
< 

{2 8 
Si 

CL 



O 
CD 



CD LU H- 



O 



OH 



Q 
LU 



O 

o 



< 
a 



bn 2 
uj \z 
co t 



^ CD CD ^ O 



CD 



O 

CD I— 

| g 

| L^ 

o 5 

LU Q 

UJ LU 

LJ- h- 

O OH 

Q LU 

LU ^ 



CD 
CD t 

o o 

0 o 
S c3 

2 o 

LU CD 
Z) < 

a h 

LU o 
CO o 

Is 

1 s 

LU O 



CD l— 



O 
O O 

CD 9 



< 

o 

CD 



O 
I— 

c3 CD 



CD 
CD 



COCOCOCOCO^COo 



o 



S CD 

CO CD 

o S 

Q < 

ZZL O 

LU CD 



25 35 

CL CL 

LU LU 

OH OH 



Q Q 

LU LU 

I — h- 

OH OH 

LU LU 

CO CO 



S5 

CL 
LU 
OH 



S3 

CL 
LU 
OH 



2 « 2 8 ^ 



Q Q 



CL 
LU 

ct: 



a 

LU 



< 
O 
CD 
< 
CD 
< 
O 
O 



O 
O 

CD 



CL 
LU 
OH 



OH 
LU 

co 



OH 
LU 

CO 



O 

'oh o 

III <t 

o 



CO 



CD 

Q CD 
"J CD 

LU 5 

CO § 



a 

LU 

CO 

LL. 
O 
Q 



±=±=^^^:0±=<LU^ 




OO OO OO OO CO CD CD CD •»— CD CD 



co o co 
cr t- x— t- 

CT> 



o o o o o 



._ __ CT O" 

^ CO CM 



CO CD 

f^- CM 

CO Tj- 

CM LO 
CO 

I I 

< < 



OO LO 

CD LO 

cd 

CM <«— 

CO o 

o o 

CL CL 

< < 



CD 




oo 


CD 


LO 


h-. 


^1- 


CO 




LO 


CO 


o 


LO 




CM 


h«- 


CD 


h-. 


CO 


CM 


CD 


CD 




o 




CM 








CM 


o 


CO 


CO 


o 


CO 


CO 


o 




o 






o 


< 




< 




3 


< 



CM 

OO CO 

CD CO 

LO CO 

< < 



fr? cd 
co 

LO 

CO 

lo 
o co 
O — I 
< <C 



co oo 

^- co 

□ o 

< < 



^— OO 

CM CM 

£ S 

£ s 

— i a 

< < 



CM CD 
OO 

CD CD 

O CD 

CM CM 

O O 

O O 

< < 



O 

O — I 

< < 



oo 

LO T— 

S cm 

CO co 
_j O 
< < 



OO CO 

co co 

CO co 

CD CM 

LO O 

— I o 

< < 



cd r^- 

LO OO 

r-* oo 

cm r«- 

o o 

O O 

< < 



cm 

CO O 

s s 

O Q- 
< < 



o 




« 

CM 


CO 


S 


LO 


CO 




CO 


CD 


CO 




CM 


CO 


S 


« 

LO 


CO 


00 


CD 


CO 




CNJ 


CO 




LO 




* 

OO 


o 




CM 


LO 


LO 


LO 


LO 


LO 


LO 


LO 


LO 


LO 


CO 


CO 


CO 


CO 


CO 


CD 


CO 


CO 




r^- 








r- 






OO 


OO 


OO 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 














X 






X 




X 










31 


X 


X 




X 












X 


X 







CD CD 

o ■«— 

■^r co 

o oo 

8 5 

CL O 

< < 



oo CO 
CM CM 
CO CO 



CM CD 

cm 

r»- oo 

LO ^i- 

o o 

o o 

< < 



LO CD 

OO OO 

CM CM 

CO CO 



^ LO LO 

o 

CO h- CM 

^ CD 

CM t~ CM 

o o o 

o o o 

< < < 



LO 



CD CO 

t 5 s 

t— LO CO 

o cm r — 

o o co 

cl a o 

< < < 



CM 



* 

oo 


CD 


CO 


« 


oo 


oo 


CD 


CD 


CM 


CM 


CM 


CM 


CO 


CO 


CO 


CO 


X 









CN 

a 
o 

CN 

p. 

GO 

O 
CN 

s© 

O 
CN 

CD 



H 

o 

B 
< 

o 

CN 

X 

o 

CN 

O 

CN 

O 
CN 
no 

°^ 

•4-> 

s 

I 

CO 

H 
o 

CN 

Q 

o 

CN 

§• 

00 

-a 

* 

CO 

I 

CL) 
N 

5 



o 
oo 

<u 

Ph 



o 
o 

CN 
VO 



cN 

00 
IT) 

ON 

cn 
i 

CN 
O 



o 

o 

o 

B 

■c 

Ah 

«\ 

S3 



o 

CO 

co 
<D 
O 

(X) 



+ 

CO 



+ 

CO 
OO 



+ 


+ 


CM 
CO 


+ 


o> 


i to 




CM 


CN 


CO 


CM 


in 




CO 



+ 

8 

CM 



CO 
CD 



+ + + + CO + 

CO CM OO O i £3 *~ 

cd ™ o 

CM CO i- i- ^ "3" 



+ 

CO 
CM 
CO 



+ „_ 

5 8 



+ 

CD 
CD 



^_ + 

r— > CD 

CM 10 

01 CO 



O 
CM 



co 



oo 



oo 
o 



CM 
CD 



oo 
m 

CM 



CO ^i- CO 
CO 

CM x— CM 



OO CD UO 
^J- CM CM 
N CN N 



CO 
CM 



CD OO 

in cm 



CO i- CD 

m oo o 

CM °» 



CO _~ 

£ oo 



CO 

Tf 



CD LO 
CD t- 
LO CM 



O 
CO 



•^COCMOCMCDOOCMCO!^^ 0 ^ 



CD 



CD CD CO CO CO CO 



in 



CD 



co SS 2 co 

co oo 55 

O N ^ 
CO 



oo 



CD 

co 

3 



CD m CM 

h- CD CO CO 

h- CM CM oo 

t- CO CD CO 



CD CO 
CO "<$ 
t- CO 



in 



OLL.OOOQ.OO 
UJlLULUlLllLLUliJ 



LU X 



O. O rr 

U_ LU UL 



C£ tZ ft Sl 



CL Q_ Ll_ 



Q_ Q_ 



o cl a 

LL - LU U- LU 



Qf ll O Q. ll O 
— LU UL — LU 



CO 



O 
CO 



s 



o o 

CO CO 



8 



CD 

m 



O CD 

co in 



o i- o o 

CO CO CO CD 



CD CO 



8 



o o 

CD CO 



CO 



m co 



< 



cdoocdcd5cdcd 

_ 0 — - 



O 

o 

CD 
21 

O 

LU 

Z> 

a 

LU 

CO 
Li_ 
O 
Q 



O 
CD 
< 



1= 
O 

o 

< 
o 

o 
< 



o 
o 

o 
o 

LU 

a 

LU 

CO 

u_ 

o 



o 
o 

o 
o 

LU 
ZD 

a 

LU 
CO 
L±_ 
O 
Q 



o 

O 
CD 

O 



O 
LU 

CO 
LL_ 

o 



< Z Z 

O O O 

o o a 

O CD CD 



LU CD 



LU LU 



CD 5 

tz O 

^ < 

o o 

CD g 

^ CD 

O CD 

2 < 

lu CD 

=> f— 

O < 

LU 



O O CD 



O 
O 

CD 

O 
LU 

a 

LU 

CO 



CO < CO CO CO 
IL n IL IL L 



O 

o 

CD 

z: 
o 

LU 
ZD 

a 

LU 
CO 



o 

o 
o 

o 

LU 

ZD 

a 

LU 

CO 



o £ 

LU CD 



O 
Q 



O 

a 



O 

Q 



LU LU LU 




^CMCMCMCMCMCMCMCMCMCMCMCMCN|CNCNJ(>JCMCNJC^ 



CT 

CO 



CO CO CO CO CO CO CO 



CO 



CO CO 



s 


O 


CO 


m 


3 




CM 


m 


CD 




CO 

od 


CO 


LO 


CM 






CM 




o 


o 


CM 


CD 


CM 


CO 


o 


LO 


CO 


in 






LO 




7.13 


OO 


CD 


CD 


CO 


CD 


in 


CD 


CD 


in 


CO 


CD 


1^ 




O 




r^- 


CO 


O 


CO 




CM 








CO 


CD 




S 




CD 


LO 


in 


o 






CO 






CO 




CO 


o 


in 


CM 




CM 


OO 


CD 


o 


CO 


in 


LO 


CO 


LO 


CO 


co 


CD 


CO 


CM 


So 


CO 






O 




CD 


OO 


CO 


CO 


oo 




CD 


CO 


CD 


O 


CO 


CD 




CM 


oo 


CM 




CO 


O 


oo 




CD 


oo 


CO 


oo 


CO 


CD 


oo 


CD 


CM 


CO 


CO 


CD 


CM 




CD 


CD 




CO 


CO 


O 


CO 


OO 


CO 


oo 


CO 


CO 


CO 


CD 


CM 


CM 


CO 


CO 


CD 


CO 


CD 








CO 




CO 




CO 










O 


CM 




h- 








O 




CM 


CM 






CM 


CD 


oo 


r*- 


CM 




CO 


CM 


CM 


CM 


CO 


CM 


CD 




CO 


CM 


O 


O 


o 


o 


O 


o 


O 


o 


o 


o 


o 


O 


O 


O 


o 


O 


O 


o 


O 


O 


O 


O 


o 


O 


O 


CD 


o 


o 


O 


o 


O 


O 


O 


O 


O 


O 


O 


o 


o 


O 


o 




O 


O 


O 




O 


O 


o 


O 


O 


O 


a 


O 


O 


O 


O 


O 


a 


o 


O 


O 


O 










O 


o 




o 


a 


O 


O 


o 




O 


O 


o 


o 


< 




< 


< 


< 




< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 










< 


< 




< 


< 


< 


< 


< 




< 


< 


< 


< 



CD 




CO 


CD 




CM 


CO 




in 


CO 


OO 


S33 


S33 


S33 


S33 


S34 


S34 


S34 


S34 


S34 


S34 


S34 






JO 


X 






X 




X 







CD 



o 




CM 


CO 


S 


LO 


CO 


oo 


CD 


o 




® 

CO 


S 


LO 


CO 


r- 


CO 


CD 


o 




CM 


« 

CO 


TI- 


m 


CO 




CO 


CO 


in 


LO 


LO 


m 


LO 


LO 


LO 


in 


CD 


CD 


CD 


CD 


CO 


CD 


CO 


CO 










N- 






n- 


N- 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


co 


CO 


CO 


CO 


CO 


co 


co 


co 


co 


CO 


co 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


X 
































X 




X 





















CN 

T3 
O 

CN 
xo 
o x 

CO 

O 
CN 
so 
c> 

O 
CN 

o 
< 

o 

CN 

X 
o 

CN 



CN 

no 

0 s - 

a 

ts 

-a 

o 

CN 



6 
% 

CO 

H 

o 

CN 

8 

CN 

nP 

On 

i 
I 

58 



m 

O 

OS 

<L> 
Ofl 

a 



o 
o 

CN 
CN 



lo in 
oo t— 
lo 



CO 
CD 
CN 



CO 

o 

CM 



CM ^ CO t- 
^- fvi N CO 
^3" CO CM 



CM 



CM 



CD 
O 



gj O „ cvj cs, 



CD i- 

• cd 



+ 

CO 



s 

CM 



OO 

lo 

CO 



+ 

OO 
CM 



CD h- 
CM CD 
CM 



S CO CO 

lO CD CO 

CO ^ o 

CO CO CD 



CM 
CD 



OO h- CD CM CD 
r- N r- <D U) 
t— CM t— UO CM 



CO (D O) S (D 
CD CD O CM O 
i- CO CM CM 



O 
O 



CD 
CO 



CM 



O CO 
CD CO 
LO CM 



CO £4 
i oo 



_ CO CO lO 

g ^ ^ t CO 

- }£? CM CO o 

^ ^- CO i- 



CO 



i- o 

CM CO 
CO CM 



cn 

CD 
CD 



OO 
CM 
CO 



O rv, Lf-j O -^J- CD 

<D ^ ^ OO tO CD 

00 co oo 00 ° O 

to CD CO 



o 

CM 



O 
OO 
CD 

in 



CM 
CO 



Ll_ LL ll - til 111 LL HI ~I~ 



l_|_ Q_ Q_ 
— LL LL 



u 

LU 



LL CL LL 



qi a: cr tr. _tj £ 



LL LL LU — LLLU — LUZELL U - — 



r£ O O u_ o 

LU LiJ X LU 



s s 



o 

CD 



O t- f- o OO 
CO CD CD CD in 



s s 



O O CO 

co co m 



h- O 

m cd 



CO 



CO T- 

m co 



o 

CD 



o 

CO 




CD 
I— 

O 

o 

CD 



CO CO CO 



^ UJ* 2l 2] 



O 

LU 

ID 

o 

LU 

CO 
LL 
O 
Q 



Q_ Q_ Q_ 
LU LU LU 
Lt Lt CL 



Q Q Q 

LU LU LU 

>— I— I— 

Q£ DC 

LU LU LU 

CO CO CO 

LU ^ ^ ^ 





CO CO CO CO 

I — I— I — I— 

35 55 u5 55 

Q_ Q_ D_ Q_ 

LU LU LU LU 

lt LL LL Lt 



O O O O 

LU LU LU LU 

l—l — h— h— 

LL Lt Lt Lt 

LU LU LU LU 

CO CO CO CO 




CO CO CO 



COCOCO^^^^^(OCO^^^CO^^^^^^^Tt^t^^\J-^TrCN^Tj- 



^! "sr 



CM 


m 


00 


oo 


1^- 


oo 


CO 


OO 


o 


CO 




CM 


CO 


CJ> 


CO 


oo 


o 


co 








CM 




CO 


o 








o 


OO 






co 


CM 




CO 


CO 


oo 


LO 


in 




oo 


CO 


s 


m 




CO 


CM 


CO 








cn 


in 






CM 


CO 


CM 


CM 


CO 


CM 




CO 


o 


CO 


CO 


CO 


o 


o 


co 


o 


o 


o 


o 


o 


o 


o 


o 


CD 


O 


O 


o 


o 


o 


o 


o 


o 


o 


O 


o 


o 






< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 





CM h- 

O CO 

in o 
oo 

CM CO 

co o 

o o 

< < 



S £ 

jq co 

o £ 

O — i 

< < 



o 




CM 


o 


CO 


CM 


CO 


oo 




CM 


m 


CD 


CD 


o 








CO 


CO 


CO 


CO 


CO 


CO 


to 




m 




O 


oo 


CO 




1^ 


CO 


CO 


OO 


CO 


OO 


CO 


CM 




CM 






OO 






CO 


r^. 


CO 


m 


CD 


oo 


CM 


CO 


co 






CM 






CO 


CM 


CM 


O 


CD 


co 


o 


o 


o 


o 


o 


o 


o 


o 


O 


o 


CO 


O 


O 


O 


O 


O 


o 


o 


o 


o 


O 


O 


O 


o 


O 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 



o 
o 

CL 
< 





CO 


CO 






CM 






oo 




CO 








CM 


CM 


OO 


CD 


o 


CD 


m 


co 












^i- 


CD 


CM 


O 


co 




CO 




CM 


o 


CM 


oo 




CO 


o 


o 


O 


o 


o 


o 


o 


O 


O 


O 


o 


O 


o 


o 


O 


< 


< 


< 


< 


< 


< 


< 


< 



CM 


CO 


in 


CD 


h- 


oo 


CD 


o 




CO 


m 


CD 


r»- 


oo 


CD 


OO 


CO 


oo 


oo 


oo 


oo 


OO 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


co 


CO 


CO 


CO 


co 


co 


co 


co 


CO 


CO 


CO 


CO 


CO 




CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


















X 















CM CO 
O O O 

3 S 3 S 3 



^ LO 

o o 



co r*- 

co o 

CO CO 
X 



oo oo CO 
o o 




CM 


* 

CO 


^ lO 


CO 




« 

OO CD 


s s s 




1 


CO 


CO CO 


CO 


^* 

CO 




XXX 










X 




X X 



O t- 

CM CN 

CO CO 



CM CO 
CM CM 

CO CO 



lo 

CM CM 
CO CO 



oo 
On 

CO 

I 

<N 
O 

o 

<N 
so 
cN 

O 

CN 

no 

cx 

co 

o 

CN 



o 

CN 

•8 

s 



o 

CN 

no 
o N 

00 

K 
o 

CN 

O 
CN 

6 s 

o 

CN 
s« 

s 

CO 

H 
o 

CN 
s© 
o x 

-♦-» 

cd 

Q 

O 
CN 
s« 

Oh 
& 

GO 

« 

co 

i 

N 

5 



CO 

o 



00 
OS 
Oh 



O 

o 

CN 

mD 
CN 



tNJ CM 



CD 
O CO 
CM f- 



O 
CD CO 
CO CM 
CO CM 



+ 
CO 
CM 
CM 



+ 
CM 



+ + to 
^ o 2t 

CM CM 00 



+ CM + 

Si CD 

CO 22 CD 

t— ^ J CM 



+ CO + + + 

CN £g CM LO CD 

OO « QO r- OO 

— J CO CO 



co £ 
cn" ™ 



CO 

co 



+ 

CM 
CM 



CO LO 

h- co 

CM CM 



CM 



O 
LO 
CM 



CO O 
LO h- 
CM LO 



"Sj" f— CO 
CM CO O 
CM CM CO 



CD O LO i — OO 
O CO CM CO CM 
LO LO CM 



O i- 

CM 



xf 

CO 



h- LO xl" CD CO 

CO i— LO CD , CO 

CO t— CD CD t— 

CM i — CM t— CO 



O CD CO LO ^ CD LO fc" IT! CO 



CM 



r^- co 

CD 



CD 00 ^ IT) 



CO 



CO co 



CO 



O U_ O O Q_ CL 
[ [ I I LU 111 LL LL 



CL O cy> O 

LL LU LU 



Ll_Q_CL<vU_u_ll_CL 
-LLLL U: -I--LL 



CD 



CO 
O 
CO 



CD 
LO 
CM 



CO 



CO 
CO 
CM 



CM 
CO 



•^J" CO CO 
CD 

O t- T— 

CO Tj- 



cc cc ft ft cl cl 



CM 



CD OO 

O CO LO 

CO CD "d" 

CO t— CD 



CO CM 
*- CM 



__ CO 

K ^ CN O 

g cm §5 cm 

MJ t— ^ CO CM 



CL LL O 



00 

CO 
I 

CN 

o 
o 

CN 

o 

CN 

V© 
CO 

O 
CN 

no 
cN 

o 

CN 

s« 
cN 

1 



CO LO 



O LO CD CD 
CO LO CO CO 



O CO o 
CO LO CO 



CO CD 
LO LO 



o o 

CO CD 



cd o 

CO CO 



o 

CO 



CD 

CO 



s 



CO 
LO 



o 

CO 
CO 
<D 

o 

< 

OO 
Ct* 



cd 



o cd 



O i5 O O 

o ^ o a 

o S o o 

o o 

LU LU 

a a 

LU LU 

CO CO 

U_ LL 

o o 

Q Q 



LU CD LU UJ h— 




cd 



cd 



o o 

° co ° 

0 h O 

1 £! { 



o 
< 
cd 

o 
o 
o 
< 



I — < 

9 ° 

< o 

a i— 

a o 

< o 
a i- 
cd cd 



cd 

CD CD 



t < h: 

P O I— 



a ? a 

LU Q UJ 

co g co 

LL I — LL 

o cl o 

Q LU Q 

^ CO ^ 

LU ^ LU 



< 

o 
o 
cd 

< 

h- 

cd 



o 

3 



o 
< 
cd 

h- o 

o o 

o L~ 

P cd 

< H- 

cd o 

^ cd 



CO 
h- 

S5 

CL 
LU 

a: 



o 

CD 
CD 



o 
a 
\— 
< 
o 



a 
o 
< 



o 
o 
f— 
CD 

5 



lu ^ r 
w 5 |= 

^ P CD 




< CD 
O t- 

CD CD 



5 cc: cr 

ti LU LU 

K CO w 

CD ^ ^ 



o 
o < 
O CD 
CD CD 



co co ! — 



S5 S5 

CL CL 

LU LU 

Q Q 



ct: o: 

LU LU 

CO CO 




to CO CO 



< 

LU 
Q_ 
LU 
CC 



Q 
LU 
J— 

cr 

LU 

CO 



S5 S5 

CL CL 

LU LU 

cr ct: 



Q Q 

LU LU 

(— I— 

cr cc 

LU UJ 

CO CO 




CD CD 

h- I— 

o o 

o a 

CD CD 

o o 

LU LU 

o a 

LU LU 

CO CO 

U_ LL 

o o 

Q Q 

LU UJ 




o o 
o < 
< CD 



Q UJ 
y CO 



CD 
I— 

o 
o 

CD 
O 



a 

LU 
CO 
UL 
O 
Q 

LU 



o 

CD 
CD 



O 
O 
< 
J— 

o 
I— 
u 

I — 

o 
< 

CD 

o 
o 




CO CO 

H- h- 

UJ LU 

CL CL 

LU LU 

cc cr 



Q Q 

LU LU 

h- I — 

CL" CL 

LU LU 

CO CO 



CD CD O CD ^ ^ 




CO CO 

I— I — 

UJ u5 

CL CL 

LU LU 

CL CL 



Q Q 

LU LU 

LU LU 

CO CO 



< 

CD 
< 

CO h- 
h- CD 

CL P 

UJ CD 

CL 

Z CD 



O 

O 
CD 



O 
O 

CD 



Q 
LU CD 
O 



CL 
LU 

CO 



< 



o 
o 

\— o 

O z 

o a 

< UJ 

< CO 

CD LL 

CD ° 

< Q 
CD z: 

< LU 



LO^^^LOLOLOLOLOU^LOLOLOUOLOLOLOLOLOLOtOLOLOCOCOCO^C^ 



r — r*»- r^- oo 





o 


CO 


CO 


CD 


CD 




CO 


CO 


CO 


CO 


CD 


"3- 


LO 


o 


LO 






CD 


LO 


OO 


CO 


o 


CM 


CD 




CO 


CD 


CO 


co 


o 


CM 


CO 


r^- 


O 




CM 


o 








LO 


■^r 






CD 


CD 


CD 


OO 


CD 


CO 


CO 






LO 




LO 






CO 


CO 


CO 


CO 


co 




LO 


CO 






CO 


LO 


o 


^a- 




r- 


o 


CO 


CO 




CO 


o 


co 


r-~ 






CO 


o 


CO 


CO 






s 


CM 




CO 


CM 




CM 




CM 


CM 








CM 


CM 


CM 


CM 


o 














O 


O 


o 


o 


o 


o 


o 


o 


O 


o 


o 


o 


O 


o 


O 


o 


o 


o 


o 


o 


o 


o 


o 


O 


O 


o 


o 


o 


o 


O 


O 


O 


O 


O 


O 


o 


O 


O 


O 


o 


a 


O 


O 


O 


a 


o 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 



CM 
O 
CO 
CO 



CO CD 

SCO 
CD 

co 

CM CM 
O O 

o o 
< < 



|> CD 

CO °° 

LO Lo 

£J LO 

o co 

O _j 

< < 



CM CO 

CD O 
CD 

LO ^ 

CO O 

_J o 

< <c 



co 

CO 
CO 

CD 
CO 



2, £ 



cd 

CM CM 



CD O CM CO XT 
CM CO CO CO CO 



LO P-— CO CD O 
CO CO CO CO 



H 



S442 


S443 


S444 


S445 


S446 


S447 















CO 

s 

X 



CD 
XT 



o 

LO 


LO 


co 

LO 


LO 
LO 


CO 
LO 


LO 


CD 
CO 


CO 


i 


i 


s 






CO 


xr 

CO 


i 



















co 
co 
xr 

co 



CO 



LO CD 
CD CO 

3 55 



CO 


o 


CO 


o 


CO 


LO 


CO 




CO 


o 


LO 


CO 


CD 


LO 


CO 




LO 


xr 




r-- 


CD 


OO 


CO 


o 


o 


CO 


CD 




CD 


CD 




CO 


CM 






CM 


CO 




CM 


CM 


O 


o 


o 


CD 


CD 


CD 


O 


O 


o 


O 


o 


o 


O 


a 


o 


O 


< 


< 


< 


< 


< 


< 


< 


< 



cm co r-- co 
r*. r*-. h*. r*- 



CO 



3 



CD O CO 

N OO CO 
<K 

CO CO CO 



o 

CN 

no 
o x 

00 

K 
o 

CN 

no 
o N 

L4 

o 

CN 
td 

o 

CN 

so 

& 

g 

e 

•S 

H 
o 

CN 
no 

cd 

Q 

o 

CN 

§■ 

S3 

co 

1 



CO 

o 



O 
CN 



/— s 
00 

ON 

m 

CN 
O 



£ 5 



+ + 



CM CM g 

r*- — Q 



CM 



fc * 8 
^ 5 ^ 



+ + 

h- CD 

CM O 

CM CO 



"d- ^a- 

MOO) 
h- t- CO 



co -*a- 

3 2 



a 3 § ff ~ ~ 

~ ^ ° O N ^ (M 
CO CO CNJ 



rM ~. 

cn ^ ^ n oo ^ oo 
g S § <3 - ^ 



s OJ 05 
5° oj 5P 



co ^ t- 

o ^j- 

co CD co 

T- CM T- 



^ LL — ^ LL LL LL l|| HI 



^ O « 

uo 9° 
co o> 2 



CO CD 
O CD 
CM «- 



to m -sj- 
io 

O CM 
— — CO 



+ 

CO 

o 

CM 



^ CM 



CM CM 



CO 



CM 



5 



o 

CM 



CO t- 
O CO 



CVJ CM (D t- 

cm co cd o 
r*~ <«— co i— 



to 
o 



co 

co 



oo 
co 



•== ^ II II li u - 1 1 li U- H 



CL CL 



-^J- ^ h- CO i- 

n co n 

t- 2. co o cd 

CO t— CO CM 



CD 
O 
CO 



cd 

co 
co 



t— co 
«> CO cS 



CD O 



I s - CO 

§ 8 5 



O O O 
LU LU LU 



Ll_ Q_ 



It * * 



li Q_ Q_ ii 
— U_ Ll_ — 



O (V U_ LU 

LL LU U_ u - Ll_ 



CL O 



so 

-a 

o 

CN 

cx 

Oh 

w 

o 

(N 
so 
o x 

O 
CN 

N© 

CD 



a 



O CD 
CO CO 



CM O O 
CO CO CO 



CO 



o o 

CO CO 



CO 
LO 



o cd 

CO CO 



CO 



co 

LO CO 



o o cd 

CO CO CO CO CO 



CO 



o 

CO 



o 

-a 

2 



o 

Id 

o 
o 
I— 1 

oo 

a 

J-M 

CD 



G 

o 

■ «— ( 
CO 

oo 

<d 
o 
o 

< 

00 



o o 

< h- 

o cd 

o cd 

< < 
I — cd 

CD h- 

< 5 

,« O <£ 

W CD CD 

^ H o 

LX O < 

LU CJ rr 

* $ £ 
Z f CD 

— I- < 

0 < O 
LU < < 

* 8 £ 

1 3 8 

— CD <C 



CO 
I— 

55 

Q_ 
LU 

or 



0T 

LU 

CO 




O O h 
I — I — o 

< 
cd 
< 
cd 
o 
±= < 
o o 
z <c 

LU I— 

3 CD 

O CD 

LU < 

CO O 



o 
o 

CD 
O 



O 
O 

CD 



O 

LU 
CO 
U_ 

o 



Li- <, 

o < 

Q O 



CO CO 

55 55 

CL CL 

LU LU 

etc or 



or or 

LU LU 

CO CO 



LU LU CD = = 




CO 
I— 
< 
LU 
CL 
LU 

or 



or 

LU 

co 




< o 
CD o 





o o o 



scoo)0)0)a)0)°° 



CO CO 

I— h- 

55 55 

CL Q_ 

LU LU 

or or 



Q Q 

LU LU 

h- I— 

or or 

LU LU 

CO CO 



CO CO CO CO CO 



CO CO ^ 



^COCOCOCOLOlO^Tj-^^COCOCOLOLOLOLOLOLOLOLO 



r^- cd 

CO 
CO <r- 
CO 1^- 

CM 

o o 

o a 
< < 



CO 




CD 




CO 




LO 




CO 


CO 




CO 


LO 


CO 


LO 


CO 




CO 


—I 


Ij 


1 


< 


< 


< 



CM 

99. co 



co co 
o co 
co g 



o to 

o co 

CJ) __J —i —i 

< < < < 



LO 

LO LO 
CO Tj" 



* » 


* 

s 


LO 


CO 




* 

CO 






CO 


CO 


CO 


CO 


CD 


I 


3 




S4 


S4 



























o 



CM 
CD CD 



s s s s 



SCSI CO 

CD co 

OO CO CO 

CO CO CO 

o o 

— I o o 

< < < 



CO ^1" LO 

CD CD CD 

"««t "3" ^J" 

co co co 



CD LO 

cm 

CD 

o 

CM CO 

o o 

o o 

< < 



CO 1^. 
CD CD 

CO CO 



CO 




LO 










CD 


o 






CO 






CO 


o 


CO 




CO 


co 


CO 


CM 


co 








CD 


CM 




LO 


CO 


CNI 


O 


CM 




LO 


o 


o 


O 


o 


o 


o 


O 


O 


o 


o 


o 


a 


< 


< 


< 


< 


< 


< 



CO CD 
CD CD 

co 



3 



CO 




CM 


CO 


o 


o 


CD 


o 


LO 


LO 


LO 


LO 


CO 


CO 


CO 


CO 











LO CO ^ £>J 

^ t- oo £2 °g 

O t — CO 52 m 

CO CM CO 2 

LO CO CO g g 

J J J u o 

< < < < < 



^ LO CO CO 

CD O O O CD 

LO LO LO LO LO 

CO CO CO co co 

X X IE X X 



r — CD CM 

t— CD CO 

O CO CO 

CO O CM 

LO CD CO 

CO CO t- 

— I t I 

< < < 



CD O t— 
CD x— ,— 

LO LO LO 
CO CO CO 
XXX 



CD CO 

CO LO 

CO ^ 

s I 

^ 5! 



co co 

CD LO 

CO CO 

CO CO 



< < < 



r — co cd co -« — lo 

O CO O LO LO LO 

CD CM LO CD LO 

^- tj- m n en 

r^- r-- t— co cd 

o o CD o o CD 

a o o o a o 

<<<<<< 



CM CO LO CO CO 



LO LO 

CO CO 



LO LO 

CO CO 



CD O i— CM 

CM CM CM 

LO LO LO lO LO LO 

CO CO CO CO CO CO 

X X X X X X 



CO 

CO CM 

LO CD 

CO CO 

CD CD 

O CM 

CD CD 

O O 

< < 



co -^r 

CM CM 

LO LO 

CO CO 

X X 



o 

CN 
no 

00 

a 

o 
o 

no 

o 

<N 

no 

i 

CD 

a 

00 

H 
o 

CN 

0 s 

cd 
•*-» 

a 

Q 

o 

CN 

& 

CO 

CD 
CO 

i 

CD 
N 

t3 
5 



co 
o 

CN 

<D 

GO 

cd 

Oh 



O 
O 

cs 

CM 



CM 
CO 



cm 2 



+ 
CM 
^- 

CM 



CO CO 
CO <«— 
x— CM 



LO 
CO 
CM 



+ + 

CD CO 

CM O 

CM CM 



CD 



CO S° 
CM 



+ 

m 

CM 



CO 
CM 
CM 



CM CD 



LO 



cd ^a- _ co 

N CM 5 ^ 

O CM Ss 

CD t~ CD 



CD QQ 

• CO g 

CO XP^ 

CM °° 



CD CD 



LT> ^ 



CO 
CM 



LO 



CO 



lO 



h- -f ^ _ 
S 3 J CD 

S - ^ « 



55 £ ' - - 55: 



f^- O O LO CD 

N m ^ ro ^ °o ^ 

cm 52 co i2 o o 

CM * — CO CM CO 



CD SS 
' 93 CD 

E_z lo 



LU — ^LLLLUJ lJ-lULiJLUliJLiJLLLLLLJliJ 11 - 11 - 



ry> O Q_ 

LU LL 



lx 



LL Q. LL 



[jj Lt 



CD 
CO 



CO CO 



CO 



i- CD 
CO LO 



o 

CD 



CD «f- 
CO CO 



CD i- 
CO LO CD 




cd 


o 


cd 


cd 


cd 


h— 


1 — 


















o 


o 


o 


o 


o 


o 


o 


a 


o 


o 


CD 


CD 


cd 


CD 


cd 












O 


O 


o 


o 


o 












LU 


LU 


LU 


LU 


LU 






ZD 






a 


a 


a 


a 


a 


LU 


LU 


LU 


LU 


LU 


CO 


CO 


CO 


CO 


CO 


LL 
O 


LL 
O 


LL 
O 


LL 

o 


LL 
O 


Q 


a 


Q 


Q 


Q 












LU 


LU 


LU 


LU 


LU 



CD 
< 



O CD CD 



I — <C 

cd u 

h- o 

o < 

I — o 

< < 

o o 

I — I— 

t o 



o 

CD 



CO 



o o 

LU LU 



o o 

a o 

CD CD 

« « s 

LU 

a: 
* ^ 

a a ^ 

LU LU Q 

CO CO g 

LL LL |_ 

o o a: 

§ § « 

LU LU ? 




^ U - LLI O 




CO 



o 
o 

CD 

< 
CD 
CD 



l5 CD ^ ^ 



Q_ 
LU 

cr 



o 

LU 

I— 
tx 

LU 

CO 



CD 
CD 
l — 
<C 
I— 

o 



o 

I — 

o 
a 



COCOCDCDCOCOr^-O 



CD 


CD 


CD 


CD 


CD 


I— 


I — 


h- 


1— 














O 


O 


O 


O 


O 


a 


o 


O 


o 


a 


CD 


CD 


CD 


CD 


CD 












o 


O 


O 


O 


o 












LU 


LU 


LU 


LU 


LU 


i 










a 

LU 


a 

LU 


a 


a 


a 

LU 


CO 


CO 


LU 
CO 


LU 
CO 


CO 


LL 


LL 


LL 


LL 


LL 


O 


O 


O 


O 


O 


O 


Q 


Q 


Q 


Q 












LU 


LU 


LU 


LU 


LU 








CO 


CO 



< 
o 



< 

CD 



CD 

O 



o 
< 

O CD CD 



CD O 

< O 

o a 
lu 

O co 

3 LL 

CD Q 

CD Z 

I — LU 



O 

" CO 

CD I— 

5 £ 

a ^ 

LU ~ 

en L — 1 



O 
< 

co y 



LL. 

o E 

Q LU 

LU ^ 



35 

LL 
LU 
Cd 



Q 
LU 

oc 

LU 

CO 



o 

CD 
J— 

o 



CD 
I — 

o 

< 



CO 
I— 

55 

LL 
LU 



Q 
LU 
I— 
OC 
LU 
CO 




CO CO GO CO CO CO CO CO CO CO CO CO CO GO "^J" 



CO CO 

h- h— 

LU lS 

Q_ Q_ 

LU LU 

^ a ^ ^ 

Q ijj □ Q 

LU LU 

_ I — h- 

CC O cc cc 

111 pi 111 LU 

CO ^ CO CO 

2 yj Z Z 



X X X X X X 



I 



N O) (N 

LO CO I s * 

o cm 

CD LO CO 

O CM CM 

o o o 

o o o 

< < < 



LO CO 

CM CM CM 

lO LO LO 

CO CO CO 



CO 

CM CO CO 

O O 

CD CM CD 

O CM O 

o o o 

O O O 

< < < 



CO CD O 

CM CM CO 

LO LO LO 

CO CO CO 



CM CO 

tO £5 

CO V- 

lO CO 

LO LO 

O rO 

O _J 

< < 



t— CM 

CO CO 

LO LO 

co co 

X X 



CO CD 
CO 

^1- CM 

o cS 

o o 

o o 

< < 



cO CO 

LO LO 

CO CO 

X X 



CD -^f 

CD O 

CM CM 
CO 

CO CO 

O O 

o o 

< < 



CD t— 

CO 'Cl- 

10 10 

CO CO 



co 

CO CD 

CD CM 

CO CD 

CM O 

CD O 

3 3 



CM CO 

LO lO 

co co 

X X 



CO o 

CD CO 

§ 8 

< < 



LO CD 

LO LO 

CO CO 

X X 



CO CO 

CO t— 

CD ^~ 

O T~ 

o S 

O LL 

< < 



00 

LO LO 

co co 



tO -t^- 

CM CO 

CO 10 

CM O 

CD O 

O D_ 

< < 



r— CM 

to 10 

LO tO 

CO CO 

X X 



O CO CD 

CO CD t— 

CM CO CD 

r^. co 

CM CM O 

O O CD 

O O Q_ 

< < < 



CD -<3- 
CD 
CO CO 
to CO 
CM 

o o 
O O 
< < 



LO 

O LO LO 

CM n m 

CD T— T— 

CO CO ^ 

O CD O 
OOO 
< < < 



CD CO 

co 

CM OO 

< < 



co £J 

3 8 
< < 



CO 


1^- 


CO 


CD 




* 

CM 


S 


LO 




CO 


CD 


to 


to 


LO 


10 


CD 


CO 


CO 


CO 


CD 


CD 


LO 


10 


10 


LO 


to 


to 


LO 


10 


to 


LO 


LO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


X 


X 


X 


X 




X 


X 


X 


X 


X 


X 



CD 

* 

To 
<5 

o 



o 
> 

O 

*o 

- o CO 
«o„ 

CD CD CD 

E ™ S 
2^CM 

CD "m CO 

TD O <U 
CO C C 

CD co CO 
CO CD 

g_cS co 

$ TO ^ 

c "55 w 
a) d = 

ll| 

r a a 

^ to J2 
o> "tr 

c c ^ 
CD CD CD 

— E E 

LL LU LU 
* ^ @) 



lX ^ 



CO 



CD CD 



ro .2 



o o 



TD 



OO 

<^ 

m 
1 

cN 
O 

O 
CN 

O 

CN 
so 

CO 

O 
CN 

o N 

O 
CN 

s« 

a 



o 

CN 
00 

X 

o 

CN 

0 s 

c2 
o 

CN 
no 

X3 
O 
CN 

& 

s 

to 

E 
§- 

co 

H 
o 

CN 

no 
o N 

td 

Q 

o 

CN 

n° 

§■ 

00 

1 

* 

CO 



1- CM CO 



13 

X! 



CO 
O 

m 



o 

O 



0) 



•a 



G 

o 



CO 
CO 

<u 
o 
o 

< 

oo 



73 

CO 

a> 
co 

_CD 

_cd 
75 



f ; s 

2.1 I 

CO TD E 

fl'S. 

E t" o 

CD Q_ 

CO r= 

-C E 

- I £ 

E iG ^ 

O C __ 

^ CD CT3 

"o E E 

CD JD CD 

TO LU C 

0 -d <3> 
7a a; £ 

CD P ^ 

rsi ~" ^ 

1 s 

-n to 

O E « 



CO 

co To 
^ E 

CTJ c 

o 
E 



CD _ 
CO Jtf 
CD 3 

Q. g 
§ "O 

E .2 
_9 to 

« To 
CD -a 

£ CD 



E co 

CO cz 

Tig 

O 3 

E <° 
o — 

CL . 

o a> 
V To 
a5 52 

£— CO 

-- a> 

CD O 

**- c 

& "5 
.25 -Q 

CD 3^ 

EN 
CO 
CD »_ 

C © 

— ; co 

X) CN 
0) c 

00 TO 

CO CD 
CD g 

1 i 

co _ 



0 s * c 

CO CO 
CO 

03 

£ CD 
CD E 
t5 

CD 
CD 



CD 



CL C 
O 



^= CD 

s &■ | 

o > 

GO CD* g 

^ E E 

CO CD 

„ <u "55 
com 

B '« Q) 

CO o ^ 

' 3 O 

^ O ^ 
'to CL 

-o cr cd 

^ O E 
ic= Q_ -cz 

P 7= °- 

CD § CD 
E £ to 

c S ^ 
« "CD S 
— CD 

e| ? 

o •— 
CD 

To 12 "? 

Q) C 

CL CD "O 

CD «^ C 

*- "O m 

ill 

■o ^ -c= 
^ o a 

5 a. 

8 " 

^ CD £ 

cd S- 



CO 



CD 



CO 



CD 
-Q 

CO 

75 



E 
o 



-£ E 

CD 

CO P- 



r £ o 



cu E 



.2 -^f 

o 
o 

1-1 



E o 

CD CD 
CO 



r 92 S 



E ° 

CO CD 



g .g s 8 



CD 

— 1 y 

^ "5. 

CD -0 
C CD 

g ^ 

E a5 

CD CO 

iS 

-° CD 
^ CD 

•s * 

E" c 



CD 



CD 

CO 

CO 

I 

CD 
CO 
CO 
CD 

CD 

CD 

"O 

c 

CD 



e-S" 

E S 



O -r 



CD 

U TO 



CD 
CD 

£= 
CD 

C9 



CO 



=1 CL 



g CO W c= O 

N § ~ 
W TO ^ CL 



O 
CD 



c? 



CD "S CD 



2 



*fc CO 



o q 

S J 

Si 
CO o 

5 o 



. . CD 
CO sz 
CD 



"8 



2 



cz 

CD 



a: e 

CL CL 



CO 
,t 

c 

CD 

E 
■cr 

CL 

"E 

CD 
c? 

CO 



o 

CD 
i 

CD 

"+ 

o 
c 

CD 
TD 



o 
o 

VO 



no 
6 s 

00 

»o 

ON 

m 
i 

<N 
O 

o 

<N 

s© 

a 

O 

CN 

o x 

Oh 

$ 

CO 

O 
<N 

o 

CN 

a 



o 

CN 

s° 

K 
o 

CN 

o 

CN 

o 

CN 

t 

c 

B 

J2 
'a 
cx 

S3 

co 

H 
o 

CN 

i 

Q 

o 

CN 

CO 

CD 

I 
I 

T3 

N 
5 



CD 



Increased Frequency of Pre-germinal Center B Cells and 
Plasma Cell Precursors in the Blood of Children with Systemic 
Lupus Erythematosus 1 

Edsel Arce,* f Deborah G. Jackson,** Michelle A. Gill,** Lynda B. Bennett,** 
Jacques Banchereau,* and Virginia Pascual 2 ** 

We have analyzed the blood B cell subpopulations of children with systemic lupus erythematosus (SLE) and healthy controls. 
We found that the normal recirculating mature B cell pool is composed of four subsets: conventional naive and memory B 
cells, a novel B cell subset with pregerminal center phenotype (IgD + CD38 + centerin + ), and a plasma cell precursor subset 
(CD20~CD19 +/,OW CD27 +/++ CD38 ++ ). In SLE patients, naive and memory B cells (CD20+CD38") are -90% reduced, 
whereas oligoclonal plasma cell precursors are 3-fold expanded, independently of disease activity and modality of therapy. Pre- 
germinal center cells in SLE are decreased to a lesser extent than conventional B cells, and therefore represent the predominant 
blood B cell subset in a number of patients. Thus, SLE is associated with major blood B cell subset alterations. The Journal of 
Immunology, 2001, 167: 2361-2369. 



Lymphocyte counts are known to be significantly de- 
creased in systemic lupus erythematosus (SLE) 3 and lym- 
phopenia of <1500 cells/ /u,l is the most prevalent initial 
laboratory abnormality in this disease (3). Despite the low circu- 
lating lymphocyte levels, B cells play a major role in the patho- 
genesis of SLE in both humans and murine SLE models, as they 
are responsible for the hypergammaglobulinemia and autoantibody 
production that characterize this disease (4, 5). Most studies on 
lupus B cells have been performed on mice with lupus-like syn- 
dromes (6-9) rather than human SLE (10-14). Interestingly, 
MRL/lpr mice expressing surface Ig but lacking secreted Ig de- 
velop nephritis, suggesting that B cells may play a role in the 
pathogenesis of SLE nephritis that is independent from serum au- 
toantibodies (15). With regard to humans, SLE B cells exhibit, 
upon signaling through the Ag receptor, increased Ca 2+ flux and 
early protein tyrosine phosphorylation (12). SLE B cells express 
high levels of costimulatory molecules CD80 and CD86 (13) as 
well as CD40 ligand (CD40L)/CD154 (14). High levels of soluble 
CD40L are also found in the serum of active SLE patients (16, 17). 

In recent years our laboratory has developed methods to isolate 
and characterize mature peripheral B cells. Using anti-IgD and 
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anti-CD38 Abs, four mutually exclusive peripheral B cell popula- 
tions can be isolated (reviewed in Refs. 18 and 19). Single-positive 
IgD cells correspond to follicular mantle cells (Bml + Bm2), 
whereas single-positive CD38 cells correspond to germinal center 
(GC) cells (Bm3 + Bm4). Double-negative B cells correspond to 
the memory population (Bm5), whereas double-positive cells rep- 
resent a combination of cells at a transitional stage between fol- 
licular mantle and GC (Bm2') and single-isotype IgD + GC cells 
(20). More recently, CD27 has been reported as marker of memory 
B cells within both the sIgD + and slgD - peripheral B cell com- 
partments (21, 22). The phenotypic summary of these populations 
is depicted in Table I. 

These studies and those by others (23-30) have led to the pro- 
posal of a model of T cell -dependent, Ag-dependent mature B cell 
differentiation: naive B cells (Bm 1 and Bm2) are activated in as- 
sociation with Ag-specific T cells and interdigitating cells within 
the extrafollicular areas. The activated B cell blasts either undergo 
terminal differentiation toward plasma cells (extrafollicular reac- 
tion) or become GC founder cells (Bm2'). In GCs, Bm2' differ- 
entiate into centroblasts (Bm3) that proliferate and accumulate 
point mutations into the Ig variable region genes, yielding three 
types of mutants: high affinity, low affinity, and autoreactive mu- 
tants. These mutants will be selected while they differentiate into 
centrocytes (Bm4), their survival depending on their affinity for the 
Ag trapped within immune complexes bound to follicular dendritic 
cells. The high affinity mutants will pick up the Ag, process it, and 
present it to GC T cells, which are induced to express CD40L and 
secrete cytokines (i.e., IL-4 and IL-10), key elements for survival, 
proliferation, and isotype switching. These high affinity centro- 
cytes differentiate into either memory B cells (Bm5) or plasma 
cells. Low affinity mutants that do not bind FDC -bound Ag will die 
by apoptosis, whereas autoreactive mutants are eventually deleted 
because they do not receive T cell help. During secondary humoral 
immune responses, recirculating memory B cells can be activated 
in extrafollicular areas, giving rise to plasma cells and GC founder 
cells. 

Although extensive information has accumulated on the mature 
B cells that populate peripheral lymphoid organs such as human 
tonsils, little is known about blood B cell subsets. We have thus 

0022-1767/01/S02.00 
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BLOOD B CELL SUBPOPULATIONS IN PEDIATRIC SLE 



Table I. Surface marker expression of mature human B cell subpopulations 



Surface Markers 




Pan-B 




Naive 






GC 






Memory 


Plasma Cell 


CD19 


CD20 


slgM 


slgD 


CD23 


CD38 


CD10 


CD71 


CD77 


CD27 


CD138 


Naive (Bml 4- Bm2) 




+ 


-f 


+ 


-/+ 














GC Founder (Bm2') 




+/+ + 


+ 


+ 




+ 


+ 


+ 


+ 






GC (Bm3 + Bm4) 


+ 


+ + 


+/- 


+/- 






+ 


+ 




+ 




Memory 


+ 


+ 


+ 


+ 












+ 




Memory (Bm5) 


+ 




+/- 


+/- 












+ 




Plasma cell 


Dim 










+ + 








+/+ + 





a sIgD + sIgM + memory cells. 



analyzed the peripheral blood B cell compartment of healthy 
adults, healthy children, and children suffering from rheumatic dis- 
eases including juvenile dermatomyositis (JDM) and, most partic- 
ularly, SLE. These studies have permitted us to identify a novel 
blood B cell population expressing a partial GC phenotype and an 
oligoclonal plasmablast population. Although these populations 
are not restricted to SLE patients, the disproportionate depletion of 
conventional naive and memory B cells in SLE make pre-GC cells 
and plasmablasts predominate in SLE blood. 

Materials and Methods 

Samples and patient populations 

Blood samples from 35 healthy children, 68 children with SLE, 10 with 
JDM, and 1 7 healthy adults were drawn after informed consent in accor- 
dance with our institutional internal review board was obtained. All pedi- 
atric SLE patients included in this study fulfil the established American 
College of Rheumatology criteria for SLE (31). The patients' clinical and 
serological data were gathered during clinic visits, and the corresponding 
SLE disease activity index (SLEDAI) was recorded in the chart (32). The 
average ± SD age and the sex ratio for each of the groups were: 1 ) healthy 
children group, 12.15 ± 3.15 years, 3:1 female/male; 2) pediatric SLE 
group with SLEDAI >10 (n = 36), 14 ± 2.67 years, 5:1 female/male; 3) 
pediatric SLE group with SLEDAI <10 (n = 32), 13 ± 3.15 years, 6:1 
female/male; 4) JDM group, 9.2 ± 3.8 years, 4:1 female/male; and 5) adult 
group, 36.8 ± 6.21 years, 3:2 female/male. SLE patients belong to different 
ethnic backgrounds, including Caucasian (32.3%), African- American 
(25.3%), Hispanic (23.9%), and Oriental (4.2%). The healthy children con- 
trol group had a similar ethnic distribution. Therapy guidelines for child- 
hood SLE are similar to those for adult SLE patients. Most of the included 
patients were being treated with oral prednisone and hydroxychloroquine, 
and those with type III/IV nephritis and/or major extrarenal organ involve- 
ment were receiving i.v. cyclophosphamide (~20% of patients) and/or 
methylprednisolone (~40% of patients). Blood samples were drawn at 
least 4 wk after the last i.v. pulse of either of these medications had been 
administered. Selected patients with JDM had active disease and were 
treated with oral prednisone and/or i.v. methylprednisolone at doses com- 
parable to those given the SLE patients (10/10). 

Flow cytometric analysis of blood B cells 

Two methods have been used to assess blood B cells. The first analyzes 
purified B cells, whereas the second analyzes total blood and has the con- 
siderable advantage of necessitating only 0.5 ml (rather than 10-20 ml) of 
blood. Samples from 44 SLE patients, 22 healthy children, 10 JDM, and 17 
healthy adults were analyzed using enriched B cells, whereas samples from 
24 SLE patients and 1 3 healthy children were assessed using whole blood. 
The validity of the whole blood method has been established on three 
patients and yielded comparable results, therefore permitting us to pool the 
results of a 30-mo-long study. Absolute numbers of cells were calculated 
from the relative size of total B cells and B cell subpopulations and the 
absolute leukocyte and/or PBMC counts. 

Isolation of peripheral blood B cells 

Mononuclear cells were isolated using gradient centrifugation over a Hys- 
topaque cushion. The resulting population was enriched for B cells using 
negative depletion with magnetic beads coupled to anti-CD2, CD3, CD4, 
CD 14, CD 16, CD56, and glycophorin A (stem cell). The enriched B cells 
were stained with fluorochrome-labeled Abs (FITC, PE, Tricolor, PerCP, 



and allophycocyanin). The following were used: anti-human CD3-FITC, 
CD7-FITC, CD14-PE, CD19-allophycocyanin, CD20-PerCP (BD Bio- 
sciences, Mountain View, CA); CD10-FITC, CD40-PE, CD71-FITC, 
CD79a-FITC (Immunotech Research, Quebec, Canada); CD23-PE, CD56- 
FITC (Caltag, South San Francisco, CA); CD38-PE, CD5-PE, CD 138- 
FITC, k and A light chain-PE (Serotec, Oxford, U.K.); CD154-FITC 
(Ancell, Bayport, MN); and anti-human IgD-FITC, IgM-PE, IgG-PE, IgE- 
FITC, IgA-FITC (Southern Biotechnology Associates, Birmingham, AL). 
Stained cells were analyzed using flow cytometry (FACSCalibur, BD Bio- 
sciences). All experiments were analyzed after gating on live cells accord- 
ing to forward side scatter/side light scatter. A minimum of 100,000 cells 
was used for each staining condition, and 5,000-50,000 events were re- 
corded for analysis. Selected populations of cells were sorted for immu- 
nohistochemistry or molecular studies using the FACSVantage (BD Bio- 
sciences) instrument. 

Labeling of cell surface Ags from whole blood samples 

Whole blood was collected into tubes containing heparin or ACD and 
stained with the following Abs: IgD-FITC,CD38-PE, CD20-PerCP, and 
CD19-allophycocyanin and corresponding isotype controls. We used 50 jxl 
blood and 3 /ulI of each Ab per tube for each staining. After staining, the 
blood was lysed with FACS Lysing Solution (BD Biosciences), rinsed with 
PBS, centrifuged at 1200 rpm for 10 min, and resuspended in 1% para- 
formaldehyde. Samples were then analyzed on a BD Biosciences flow cy- 
tometer (FACSCalibur). 

Amplification of the center in gene 

Real-time PCR was performed using an ABI Prism 7700 sequence detector 
(PE Biosystems, Foster City, CA). The RT-PCR conditions were 30 min at 
48°C and 10 min at 95°C, followed by 50 cycles of 15 s at 95°C and 1 min 
at 60°C. The Taqman PCR core kit reagents (PE Biosystems), Multiscribe 
reverse transcriptase (PE Biosystems), and RNase inhibitor (PE Biosys- 
tems) were used according to the manufacturer's suggested concentrations 
for a multiplex reaction. The 18S ribosomal RNA and Centerin standard 
curves were generated using a serial dilution of a known quantity of Raji 
total RNA. Ribosomal RNA analysis was performed using the ribosomal 
RNA control reagent kit (PE Biosystems). The centerin probe (6-FAM- 
tcaccagaaccatggccgtcagaag-TAMRA) was used at a concentration of 250 
nM, and the forward and reverse centerin primers (forward aagggaaggtt 
gtagacataatcca; reverse gcttctcccacttggctttaaa) were used at a concentration 
of 900 nM. 

Sequencing of Ig V H genes 

Total RNA from between 1,000 and 100,000 sorted B cells was prepared 
using the mini-RNEASY kit, (Qiagen, Valencia, CA) following the man- 
ufacturer's protocol. RT-PCR was performed on 10% of the total RNA 
generated from the sorted cells using the Titan RT-PCR kit (Roche, Indi- 
anapolis, IN). The V H region of IgM transcripts was amplified using either 
a V„4 or a V H 5 leader primer in combination with a /x-constant region 
reverse primer, as previously described (33, 34). The V H region of IgG was 
amplified using identical forward primers with a y-specific constant region 
reverse primer. The V H fragments were excised from a low melt agarose 
gel and reamplified using heminested reverse primers and the high fidelity 
PFU polymerase (Stratagene, La Jolla, CA). The PCR fragments were ei- 
ther Mailed with Taq polymerase (Promega, Madison, WI) and subse- 
quently cloned into the pCRII-TOPO vector or directly cloned into the 
pCR-blunt-II-TOPO vector (Invitrogen, Carlsbad, CA) and sequenced in 
both directions using an automated DNA sequencer (ABI-377; Advanced 
Biotechnologies, Columbia, MD). 
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FIGURE 1. Mean and SD of blood B cell, T cell, and monocyte numbers from healthy adults, healthy children, and children with SLE. 



Analyses of DNA sequences 

Sequences were edited and analyzed using the DNAstar software package 
(DNAstar, Madison, WI). Cloned products were searched against the 
IMGT (the international ImMunoGeneTics database, http://imgt.cines.fr: 
8104) (35). 

Statistical analysis 

The data obtained in this study were evaluated using a two-tailed / test and 
multivariate statistical analysis, as well as the Pearson correlation ratio. 

Results 

T and B cells are profoundly decreased in SLE blood 

Although lymphopenia has been described in SLE (3), the extent 
of T and B cell decrease remains uncharacterized. Therefore, we 
measured the absolute numbers of CD3 + , CD14 + , and CD20 + / 
19 + cells in the blood of 1) 68 children suffering from SLE, 2) 35 
age-matched healthy controls, 3) 10 children with JDM to control 
for the effect of steroid treatment, and 4) 17 healthy adults. SLE 
patients were divided into two groups according to their disease 
activity index (SLEDAI over or under 10) measured at the time of 
blood sampling. The ages (mean and SD) of the SLE patients and 
healthy controls were comparable (see Materials and Methods). As 
previously reported (36, 37), when compared with adults healthy 
children display significantly more blood CD3 + T cells (1687 ± 
1139 vs 881 ± 202 cells/Ml; p = 0.002) and CD19+ B cells 
(394 ± 196 vs 129 ± 67 cells/jxl; p < 0.0001; Fig. 1). Children 



with JDM, treated with steroid regimens similar to those of SLE 
patients, display numbers of CD19 + cells comparable to those in 
healthy controls (Table II and Fig. 2). The slight difference (not 
statistically significant) may reflect the lower average age of the 
JDM group (9.2 ± 3.8 vs 12.1 ± 3.5 years in JDM and healthy 
controls, respectively). 

Children with SLE showed significantly fewer circulating T 
cells than healthy children (450 ± 300 vs 1700 ± 380 cells/ftl; 
p < 0.0001). Although patients with the highest disease activity 
(SLEDAI, >10) had lower numbers of T cells than patients with 
lower disease activity (SLEDAI, <10; 310 ± 167 vs 510 ± 467 
cells/pd), this difference was not statistically significant. SLE pa- 
tients had fewer circulating monocytes than healthy children 
(144 ± 149 vs 313 ± 326 cells/^l), but this difference did not 
reach statistical significance (p = 0.06; Fig. 1). 

Blood CD19 + B cells in SLE patients were reduced by 81% 
compared with those in age-matched healthy controls (82.6 ±77.5 
vs 394 ± 196 cells//xl; p < 0.0001). There was no difference in the 
number of circulating B cells between the two patient groups (Ta- 
ble II), suggesting that B cell lymphopenia in SLE is independent 
of disease activity. Although most of our patients had been treated 
for weeks to years with steroids at the time of study, the T and B 
cell lymphopenia is not a consequence of this therapy, as newly 
diagnosed patients (3 of 68) were also found to have similarly 
decreased numbers of T and B cells before they had entered into 



Table II. Mean and SD numbers of cells per microliter in each of the studied populations of healthy donors and patients" 

Total CD19 + CD19 + CD20 + CD38~ CD19 + CD20+CD38 + CD19 + CD20~CD38 

Sample (n) Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Healthy adults (17) 129.6 ± 67.5* 97.7 ± 49.7' 18.1 ± 18.7' 1.4 ± 1.7 C 

Healthy children (35) 394.0 ± 196.1 c 270.9 ± 157.9 C 57.8 ± 59.3 C 6.3 ± 9.2* 

JDM (10) 470.7 ± 298.4 C 428.4 ± 294.6 C 37.4 ± 3\2 d 4.2 ± 5.5 C 

Total SLE (68) 82.6 ± 77.5 28.0 ± 40.3 19.9 ± 24.5 18.7 ± 22.2 

SLEDAI >10 (36) 75.2 ± 81.1 28.6 ± 40.2 21.4 ± 27.7 19.5 ± 12.8 

SLEDAI <10(32) 90.5 ± 74.0 27.1 ±41.6 18.2 ± 20.6 18.0 ± 19.9 

" Superscript letters indicate the statistical significance between control and SLE groups. 
h p = 0.006. 
e p < 0.001. 
rf NS. 

<p = 0.001. 
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FIGURE 2. Blood B cell and plasma cell precursor (CD19 + ) numbers in SLE patients and controls. Median values. 



any therapy (64.2 ± 72. 1 B cells/^1; n — 3). Additionally, nine of 
the patients treated with i.v. solumedrol and cyclophosphamide 
who were included in this study have been followed after discon- 
tinuation of these drugs for periods between 6 mo and 2 years 
without finding statistically significant differences in the number of 
B cells (data not shown). 

Circulating naive and memory B cells are considerably reduced 
in SLE 

Our earlier studies on tonsillar B cells showed that CD38 
expression permits us to distinguish plasmablasts/plasma cells 
and GC B cells from naive and memory B cells (reviewed in 
Refs. 18 and 19). Thus, CD19 + CD20 + CD38" blood cells 
include both naive and memory B cells. As shown in Table II, 
healthy children displayed significantly more conventional 
mature (CD19 + CD20 + CD38~) B cells than adults (270 ± 157 
vs 97 ± 49 cells//xl; p < 0.0001). In contrast, SLE patients showed 
a marked reduction (~~90%) in these cells compared with age- 
matched controls (28.0 ± 40.3 cells/ptl; p < 0.0001). This reduc- 
tion does not appear to be related to disease activity (27.1 ±41.6 
cells//il for SLEDAI <10; 28.6 ± 40.2 cells//xl for SLEDAI >10; 
Table II). 

The blood memory B cell population is best identified as 
CD20 + CD27 + cells. We calculated the ratio of memory/naive B 
cells in healthy children and children with SLE and found no dif- 



ference between the two groups (0.46 ± 0.30 and 0.49 ± 0.35 in 
healthy and SLE children, respectively). 

B cells with pre-GC phenotype recirculate in blood of healthy 
and SLE children 

Our initial studies on SLE total blood and enriched blood B 
cells revealed a strikingly high percentage of circulating 
CD20 + IgD + CD38 + cells. A closer analysis of samples from non- 
SLE patients revealed that cells with similar phenotype were also 
present in the blood of healthy children, adults, and children with 
autoimmune diseases other than SLE, prompting us to report their 
characterization (Fig. 3). In absolute numbers healthy children 
have the highest numbers of IgD + CD38 + cells (57.6 ± 53.3 cells/ 
/liI), followed by patients with JDM (37.4 ± 31.2 cells/ju-l). The 
number of IgD + CD38 + cells in SLE patients (21.4 ± 27.7 cells/^1 
SLEDAI > 10, 18.2 ± 20.6 cells/jLil SLEDAI <10) is comparable 
to that in adults (18.1 ± 18.7 cells//xl; Table II). Due to the more 
drastic reduction in conventional CD20 + CD38~ cells in SLE pa- 
tients, this population overall represents 29 ± 17.7% of SLE blood 
B cells (range, 6-77%), whereas it represents 13.2 ± 8 and 18.5 ± 
14.9% of the total blood B cells in healthy adults and children, 
respectively (Fig. 4). 

In both patients and controls these cells express high CD20, a 
characteristic of GC B cells (data not shown). When sorted and 
analyzed with Giemsa staining, \gD + CD?>% + cells appear very 



FIGURE 3. Enriched blood B cells from a healthy 
adult (a), healthy child (b), and a child with SLE (c) 
stained with anti-CD38-PE and anti-IgD-FITC Abs. 
Double-positive cells display a pre-GC phenotype. 
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FIGURE 4. Percentage of conventional B cells 
(CDl9 + CD20 + CD38-), pre-GC B cells (CD20 + 
CD38 + ), and plasma cell precursors (CD20"CD19 ,OW 
CD27 +/++ CD38 ++ ) in healthy adults, healthy chil- 
dren, and SLE patients. 
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similar to the tonsilar Bm2 (IgD + CD38~CD23 + ) cell subset: they 
are larger than naive B cells and display a full cytoplasmic rim 
(Fig. 5, a and b). Using real-time PCR, these cells were found to 
transcribe centerin (Fig. 6), a GC-specific serpin not expressed in 
conventional naive and memory blood/tonsil B cells (36). Yet, the 
blood IgD + CD38 + cells seem less committed toward GC differ- 
entiation than the GC founder cells (Bm2') that were previously 
identified within tonsils (37), as they mostly lack expression of 
CD 10 and CD77, and only about one-fifth of these cells (21.5 ± 
16.7% of 17 samples analyzed) express CD71. 



One of the characteristics of tonsilar IgD + CD38 + cells is the ini- 
tiation of somatic mutation within Ig V H genes (38). Therefore, blood 
IgD + CD38~*~ cells were sorted from eight different SLE patients, and 
their V H Ig RNA was amplified using primers specific to the small 
Vh4 and V H 5 family leader peptide and /x constant region. Fifty-six 
independent clones were sequenced and aligned to their closest germ- 
line counterparts, revealing the presence of low grade somatic muta- 
tion within 66% of the transcripts (1-7 bp substitutions/mutated V H 
region; Table III). The same population in healthy adults showed a 
higher rate of mutation (80% transcripts), with a range of 1-13 bp 




FIGURE 5. a y Wright-Giemsa staining of cytospun, magnetic bead-purified blood B cells; arrows show two resting naive B lymphocytes with scant 
cytoplasm next to three larger cells with more abundant cytoplasm corresponding to IgD + CD38 + B cells, b, Sorted blood IgD + CD38 + B cells, c and d t 
Sorted blood CD19 +/,OW CD20"CD27 + CD38 ++ plasmablasts at X40 and X100 magnifications, respectively. 
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FIGURE 6. Expression of centerin message in the Burkitt's lines Raji 
and Daudi, IgD + CD38 + pre-GC B cells, IgD + and IgD" CD38" (naive 
and memory) B cells, and the Jurkat T cell line. Quantification of centerin 
message was performed using real-time RT-PCR as described in Materials 
and Methods. Bars represent the relative expression of centerin in each of 
the tested samples using Raji RNA as standard. Values were normalized 
according to the ribosomal RNA expression in each of the samples. 

substitutions/mutated V H region (data not shown). Thus, blood 
IgD + CD38 + cells have initiated the process of somatic mutation. 
Taken together, our data indicate the presence in blood of a subset of 
B cells that may represent the link between naive and GC cells. 

Increase in SLE blood ofCD20~CD19+CD38 + + clonally 
expanded plasma cell precursors that can be further subdivided 
into CD27+ and CD27+ + 

Most SLE patients display a distinct population of CD20~ 
CD19 +/,ow CD38 ++ blood cells (Fig. 7, A and B). Upon staining 
with CD27, these cells can be further subdivided into a CD27 + and 
a CD27+ + population. Although the ratio of CD27 + /CD27 + + 
varies, the predominant population expresses CD27 with intensity 
comparable to that of memory (CD27 + ) B cells (Fig. IB). After 
sorting and Wright Giemsa staining, the majority of these cells do 
not look like mature plasma cells but like plasmablasts/early 
plasma cells (39, 40), as they have larger, less peripheral nuclei 
and less abundant cytoplasms (Fig. 5, c and d). The majority of 
these cells express both surface and intracytoplasmic Ig, with a kA 
ratio close to 1 (43.5 ± 17.9% A), whereas only a small percentage 
(15.5 ± 8.8%) of them expresses the mature plasma cell marker 
CD 138 or syndecan. 

As shown in Table II, SLE patients have a 3 -fold expansion 
of this population compared with healthy controls. This expan- 
sion does not correlate with disease activity as measured by the 
SLEDAI (18.0 ± 19.9 cells/^l for SLEDA1 < 10; 24.1 ± 33.1 
cells/jitl for SLEDAI >10). 

We sorted these cells and analyzed 38 IgG V H gene transcripts 
from four different SLE patients. All but two transcripts showed a 
high frequency of somatic mutations (mean, 16 ± 8.5 mutations/ 
mutated transcript). However, a striking finding was the identifi- 
cation in three of four patients of clonally related transcripts. An 
example of the V H sequences corresponding to an expanded clone 
(seven related transcripts), with unique and shared mutations, is 
displayed in Fig. 8. The pattern of nucleotide mutation within this 
clone strongly suggests that it is the product of an Ag-driven re- 



sponse, as there is a high ratio of replacement vs silent substitution, 
especially concentrated within the second hypervariable region 
and the third framework. Clonally related, somatically mutated 
transcripts were also found in the blood plasma cell precursors 
isolated from two healthy adults (data not shown), suggesting that 
these cells in health and disease are the product of oligoclonal 
expansions. 

SLE serum does not alter the survival of normal blood B cells 

To determine whether the consistently low numbers of blood B 
cells and/or the activated B cell phenotype that we observed in our 
SLE patients were due to soluble serum factors, we purified naive 
blood and tonsil ar B cells from healthy donors and cultured them 
in the presence of autologous sera, sera from four lymphopenic 
SLE patients with different SLEDAI, and sera from two patients 
with JDM. The percentage and absolute numbers of viable cells 
were calculated at 24, 48, 72, and 96 h using a hemocytometer 
after trypan blue staining. Apoptotic cells were also analyzed by 
flow cytometry using forward side scatter/side light scatter and 
annexin V binding/propidium iodine staining. No consistent dif- 
ferences were observed (data not shown), thus suggesting that a 
soluble factor(s) is not responsible for mature B cell death and 
subsequent lymphopenia in all SLE patients. 

Discussion 

B cell subsets in the blood of healthy children 

Our study shows that blood B cells in all age groups include at 
least four subsets: 1) naive (CD19 + CD20 + IgD + CD38~CD27 _ ) B 
cells, 2) pre-GC (CD19 + CD20 + IgD+CD38+CD27-) B cells, 3) 
memory (CD19 + CD20 + CD38"CD27 + ) B cells, and 4) plasma 
cell precursors (CD19 + CD20"CD27 +/++ CD38 ++ ). When com- 
paring children to adults, naive and memory B cells are 2.4-fold 
more abundant, whereas pre-GC B cells and plasma cell precursors 
are 3- and 4-fold expanded, respectively, in children. 

A puzzling observation is the detection in blood of sIgM + 
sIgD + B cells bearing a phenotype similar to that of tonsil GC B 
cell founders. As GC B cells, these cells express CD38 and cen- 
terin, but, unlike GC founders (Bm2') and centroblasts (Bm3), 
they lack the expression of CD 10 and CD77. Furthermore, they are 
smaller than centroblasts, hence their denomination as pre-GC 
cells. Importantly, these cells have initiated the process of somatic 
mutation, which is another hallmark of GC reactions; sequencing 
the V H Ig transcripts from sorted sIgD + sIgM + CD38* blood B 
cells from healthy adults revealed a mutation frequency similar to 
that described for tonsilar GC B cell founders (1-12 bp muta- 
tions/V H region in 80% transcripts) and higher than that of naive 
B cells (1-2 bp mutations/V H region in 50% transcripts) (33, 39). 
Thus, IgM + IgD + CD38 + blood B cells may represent the link be- 
tween naive (Bml and Bm2) and GC founders (Bm2'). It remains 
to be established whether these cells result from 1) activation in 
lymphoid sites and recirculation in the blood, or 2) activation in 
nonlymphoid sites followed by recirculation in the blood and later 
homing to peripheral lymphoid organs. 



Table III. Mutation analysis of V H transcripts from SLE B cell subpopulations 



B Cell Subpopulation 


No. 

Clones Isotype 


No. Mutated 
Clones 


No. Mutations 
(Avcragc/ST dev) 


Mutation 
Range 


Clonal 
Rclatedness 


IgD + CD38" 
IgD + CD38 + 
CD19 + CD20~CD38 ++ 


10 /iS 
56 /iS 
30 y 


0 
37 
28 


1.4 ± 1.6 
15.6 ± 8.6 


0-7 
0-31 


No 
No 
Yes 



The Journal of Immunology 



2367 



FIGURE 7. A, Enriched (>95% pure) blood B cells 
from two SLE patients (A and B). Squares depict the 
CD19 ,ow CD38 ++ plasma cell precursor population. Pa- 
tient A was recently diagnosed and untreated at the time 
the sample was obtained, whereas the sample from patient 
B was obtained 1 mo after Cytoxan and solumedrol pulses. 
B, Enriched B cells from a SLE patient stained with 
anti-CD20-PerCP, anti-CD 19-allophycocyanin, anti- 
CD38-PE, and anti CD27-FITC. CD19 low CD38 ++ cells 
gated in B are represented within a rectangle in D and 
divided by a dotted line according to the intensity of CD27 
staining. The same CD19 low CD38 ++ population is en- 
closed by a dotted circle (A) and a dotted rectangle (Q. 
This experiment is representative of 12 individual 
experiments. 
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Plasma cell precursors constitute another underestimated circu- 
lating cell population. We show herein that they represent ~ 1 .4% 
of the total B cell compartment in healthy adults and ~3.3% in 
healthy children. In the context of certain infections and malig- 
nancies, higher numbers of plasmablasts have been described in 
the blood (reactive plasmacytosis) (40, 41). These cells have been 
reported to characteristically lack the plasma cell marker CD 138, 
but they acquire it in vitro upon exposure to IL-6 (41). Addition- 
ally, these cells express variable levels of CD27 (Refs. 42 and 43, 
and our own observation), suggesting caution when using CD27 to 
enumerate memory cells, especially in clinical situations where 
plasmacytosis may be expected. 



Blood B cell subsets in children with SLE 

Our studies reveal that children with SLE suifer profound B cell 
lymphopenia due to a dramatic reduction in all mature B cell 
subsets. SLE B cell lymphopenia does not correlate with any 
modality of therapy, SLEDAI, or anti-dsDNA or complement 
titers. SLE B cell lymphopenia could be due to 1) a reduction in 
the number of bone marrow B cell precursors, 2) shortened mature 
B cell life span, or 3) accelerated activation/differentiation of 
naive cells into downstream phenotypes including GC, memory, 
or plasma cells that would subsequently home into lymphoid 
tissues. 
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FIGURE 8. Amino acid translation of seven 
clonally related V H 5/y transcripts isolated from 
sorted plasmablasts from the blood of a SLE pa- 
tient. The transcripts display unique and common 
mutations while sharing the same V-D and D-J 
junctions (only the V-D junction is shown). There is 
a high ratio of R/S nucleotide substitutions espe- 
cially within CDR2 (R/S = 2 and 5 in transcripts 
SLE 7 and SLE 3, the least and most mutated V H 
regions from this clone, respectively) and FW3 
(R/S = 3 and 8 in SLE 7 and SLE 3, respectively). 
The nucleotide sequences corresponding to these tran- 
scripts have been submitted to GenBank under acces- 
sion numbers 384526, 384527, 384534, 384543, 
384551, and 384565. 
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BLOOD B CELL SUBPOPULATIONS IN PEDIATRIC SLE 



Killing of B cells by soluble factors (i.e., an ti -lymphocytic Abs) 
has been implicated as a cause of SLE lymphopenia (44, 45). Al- 
though this mechanism may operate in some SLE patients, our 
results suggest that it is unlikely to explain the universal lym- 
phopenia observed in this disease, as incubation of blood naive B 
cells from healthy donors with serum from active SLE patients 
failed to disclose any significant reduction in the number of viable 
cells. Additionally, the B and T lymphocyte propensity to undergo 
spontaneous and induced apoptosis has been recently described to 
be grossly intact in SLE (46). 

The lymphopenia that we describe cannot be explained by bone 
marrow aplasia, as the neutrophil and platelet counts were within 
normal limits in the population that we studied. Furthermore, bone 
marrow aspirates from SLE patients, usually obtained in the con- 
text of severe blood cytopenias, have rarely revealed aplasias (47- 
49). Therefore, only a selective lymphoid cell precursor defect 
could explain the reduced numbers of T and B cells that we ob- 
served in the blood of our SLE patients. The increased proportion 
of CD38 + B cells in SLE blood may provide us with some clues 
regarding the lymphopenia and perhaps some ethiopathogenic fac- 
tors in this disease. In trying to induce naive B cells to become GC 
B cells in vitro, we identified IFN-a as one of the most efficient 
signals to up-regulate CD38 expression on naive B cells (50). In- 
terestingly, high levels of IFN-a have been described in the serum 
of SLE patients (51), and the PBMCs of patients without circulat- 
ing IFN-a display high levels of oligoadenylate synthetase and Mx 
protein, a signature of exposure to IFN-a (52, 53). The potential 
role of this cytokine in SLE development is further suggested by 
the large proportion of patients receiving IFN-a therapy who de- 
velop autoimmune, including SLE-like, syndromes (reviewed in 
Ref. 54). Finally, and perhaps best explaining the generalized lym- 
phopenia of SLE patients, administration of IFN-a to newborn 
mice inhibits T and B cell development in the bone marrow, thy- 
mus, and spleen by 80% (55). Therefore, all these findings make it 
tempting to speculate that SLE may be associated with a deregu- 
lation of IFN-a production. Consistent with this hypothesis, the 
blood pre-GC (IgD + CD38 + ) B cell subpopulation is reduced to a 
lesser extent in SLE patients compared with controls and repre- 
sents the predominant blood B cell population in many SLE 
patients. 

In contrast to the reduction in all mature B cell subsets, children 
with SLE present a 3-fold expansion of blood plasma cell precur- 
sors that make up to 8.7% of their blood B cell compartment. 
Plasma cells expressing CD 138 and high levels of CD27 have been 
recently reported in the blood of 13 adult SLE patients (43). In our 
study only a small proportion of the CD20"CD19 ,OW CD38 + + 
cells in the 68 patients analyzed display this more mature pheno- 
type, whereas the majority lack CD 138, express two levels of 
CD27 (comparable and higher than memory B cells), and upon 
sorting and Giemsa staining do not show a mature plasma cell 
morphology. 

Blood plasma cell precursors are post-GC cells, as they express 
highly mutated and isotype-switched Ig transcripts. Additionally, 
there is a high degree of clonal relatedness within this subset, as 
numerous transcripts share the same VDJ rearrangement while dis- 
playing common and unique nucleotide substitutions. This sug- 
gests that they are the products of a recent clonal expansion that 
probably occurred in a GC, given the presence of unique muta- 
tions. This expansion may be explained by increased IL-10, a ma- 
jor plasma cell differentiation factor (56). Indeed, high levels of 
IL-10 are found in the serum of SLE patients, and treatment of 
these patients with anti-IL-10 Abs has shown beneficial effects 
(57-59). Alternatively, the recently identified B lymphocyte stim- 
ulator (BLyS/B AFF/TALL- 1 ), a TNF family cytokine (60-63), 



may contribute to the disease, as it seems to prominently enhance 
humoral responses. BLyS transgenic mice show hypergamma- 
globulinemia and an autoimmune lupus-like disease (61). Further- 
more, the survival of lupus-prone mice is increased by treatment 
with a BLyS antagonist (63). Although altered expression of BLyS 
and/or its receptors may play a role in human SLE, significant 
differences between the B cell phenotype found in BLyS trans- 
genic mice and human SLE exist, as these transgenic mice display 
B cell expansion in the blood rather than the profound B cell lym- 
phopenia that we describe in our patients. SLE may thus be best 
explained by the combined ectopic expression of cytokines such as 
a-IFN, IL-10, and BLyS. The etiology of this disease may be 
explained at the level of cells that produce these cytokines, which 
include APC such as dendritic cells. 
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Abnormal germinal center reactions 
in systemic lupus erythematosus 
demonstrated by blockade 
of CD154-CD40 interactions 

Amrie C. Grammer, 1 Rebecca Slota, 1 Randy Fischer, 1 Hanan Gur/ Hermann Girschick, 1 
Cheryl Yarboro, 2 Gabor G. Illei, 2 and Peter E. Lipsky 1,2 * 3 
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2 Office of the Clinical Director, 

3 Intramural Research Program, National Institute of Arthritis and Musculoskeletal and Skin Diseases, NIH, 
Department of Health and Human Services, Bethesda, Maryland, USA 

To determine the role of CD154-CD40 interactions in the B cell overactivity exhibited by patients with 
active systemic lupus erythematosus (SLE), CD19 + peripheral B cells were examined before and after 
treatment with humanized anti-CD 154 mAb (BG9588, 5c8). Before treatment, SLE patients mani- 
fested activated B cells that expressed CD154, CD69, CD38, CDS, and CD27. Cells expressing CD38, 
CD5, or CD27 disappeared from the periphery during treatment with anti-CD154 mAb, and cells 
expressing CD69 and CD 154 disappeared from the periphery during the post-treatment period. 
Before treatment, acrive-SLE patients had circulating CD38 bri s ht Ig-secreting cells that were not found 
in normal individuals. Disappearance of this plasma cell subset during treatment was associated with 
decreases in anti-double-stranded DNA (anti-dsDNA) Ab levels, proteinuria, and SLE disease activ- 
ity index. Consistent with this finding, peripheral B cells cultured in vitro spontaneously proliferat- 
ed and secreted Ig in a manner that was inhibited by anti-CD 154 mAb. Finally, the CD38 + / ++ IgD + , 
CD38 +++ , and CD38 + IgD" B cell subsets present in the peripheral blood also disappeared following 
treatment with humanized anti-CD 15 4. Together, these results indicate that patients with active 
lupus nephritis exhibit abnormalities in the peripheral B cell compartment that are consistent with 
intensive germinal center activity, are driven via CD154-CD40 interactions, and may reflect or con- 
tribute to the propensity of these patients to produce autoantibodies. 

/. Clin. Invest. 112:1506-1520 (2003). doi:10.1172/JCI2003 19301. 



Introduction 

Systemic lupus erythematosus (SLE) is a chronic 
autoimmune disease characterized by the production 
of multiple autoantibodies and by B cell hyperactivity 
that may either reflect intrinsic abnormalities or result 
from immunoregulatory defects in other cell types 
(1-4). Intrinsic or extrinsic perturbations of B cell mat- 
uration may permit generation, activation, differenti- 
ation, and clonal expansion of B cells that secrete path- 
ogenic autoantibodies. Maturation of Ab responses 
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occurs within germinal centers (GCs). Following acti- 
vation in an antigen- and MHC-restricted manner, 
CD154-expressing T cells initiate the GC reaction by 
engaging CD40-expressing pre-switch IgD + or post- 
switch IgD" B cells, thereby inducing them to express 
early-activation markers (CD69 and CD 154) and dif- 
ferentiation markers (CD38, CDS, and CD27) (5-10) 
and to proliferate rapidly to form IgD + primary or IgD - 
secondary follicles, more commonly referred to as GCs 
(11). Previous studies have defined functional B cell 
subsets from inflamed secondary lymphoid tissue, 
such as tonsil (12-21), or the periphery of active-SLE 
patients (22-29) by expression of CD27 and CD5, as 
well as IgD and CD38. Specifically, B cells that are 
bright for CD38, CD27, or CDS have been shown to be 
Ig-secreting plasma cells, and cells expressing a low 
level of CD38, CD27, or CD5 have been shown to be 
memory-cell intermediates in the differentiation path- 
way to Ig-secreting plasma cells. Homotypic CD 154- 
CD40 B cell interactions are essential for maintenance 
of ongoing GC reactions as well as for the differentia- 
tion of intermediates in the pathway to Ig-secreting 
plasma cells, such as from GCs to memory cells and 
from reactivated memory cells to Ig-secreting plasma 
cells (5, 30-38). The observation that T and B cells in 
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the periphery of active-SLE patients spontaneously 
express CD 154 suggests that GCs are abnormally 
releasing activated lymphocytes into the periphery, 
implying overactivity of GC reactions. Blocking 
CD154-CD40 interactions in vivo with humanized 
anti-CD 154 (BG9588, 5c8) mAb in active-SLE patients 
may, therefore, interfere with the induction and main- 
tenance of these ongoing GC reactions that produce 
autoantigen-speciflc memory and Ig-secreting plasma 
cells. The purpose of this study was to determine 
whether blocking CD154-CD40 interactions in vivo 
with a humanized mAb to CD 154 (BG9588, 5c8) 
would interfere with the abnormal B cell activation in 
patients with active SLE and would also ameliorate 
signs and symptoms of the disease. 

Methods 

Patients and clinical data. The design of the clinical trial, 
including selection and exclusion of patients as well as 
preparation and administration of the humanized anti- 
CD154 mAb (BG9588, 5c8; Biogen Inc., Cambridge, 
Massachusetts, USA) and clinical monitoring, has been 
described (39, 40). Briefly, BG9588 consists of the com- 
plementarity-determining regions of the murine anti- 
human CD 154 mAb 5c8, combined with human vari- 
able-region and framework-region residues and IgGl 
and k heavy and light chains, respectively. It was 
infused at a concentration of 20 mg/kg at weeks 0, 2, 4, 
8, and 12 (Table 1). Patients receiving hydroxychloro- 
quine were allowed to continue their therapy during 
the treatment period at a constant level (Table 1). Pred- 
nisone was tapered according to a predetermined 
schedule during the treatment period, beginning 1 
month after the first dose of humanized anti-CD 154 
mAb (BG9588, 5c8) (40). The trial was prematurely ter- 
minated because of an increased frequency of throm- 
boembolic events in patients in centers outside of the 



NIH. A total of six patients were treated at the Clinical 
Center of the NIH. This report describes four patients 
who received three or more infusions of humanized 
anti-CD154 mAb (BG9588, 5c8). All four female 
patients described in this article (age 34 ± 7 years, range 
25-45 years) fulfilled the American College of Rheuma- 
tology criteria (41), had active lupus nephritis for 2.7-8 
years before entry into the trial with mean proteinuria 
levels of 3.2 ± 1.4 g/24 h (range 1.7-4.9 g/ 
24 h), and were positive for anti-double-stranded DNA 
(anti-dsDNA) Ab (188.5 ± 355.0 IU/ml, range 9.4-981.0 
IU/ml, normal value <3.6 IU/ml). Active nephritis was 
defined as a renal biopsy showing proliferative lupus 
nephritis within 5 years before the first dose of human- 
ized anti-CD154 mAb (BG9588, 5c8), proteinuria of at 
least 1.0 g/d at two separate screening visits, and any 
one of the following four criteria at each of the two 
screening visits: (a) anti-dsDNA Ab greater than twice 
the upper limit of normal (normal value <3.6 IU/ml); 
(b) complement protein 3 (C3) less than 80 mg/dl; (c) 
hematuria greater than 5 rbc's per high-power field; 
and (d) granular or rbc casts detected on urine analysis. 
Patient characteristics, concomitant treatment, and 
anti-CD 154 schedules of treatment and assessment are 
summarized in Table 1. 

Cell preparation and purification. PBMCs were obtained 
from non-autoimmune, healthy normal volunteers 
(n = 8) by centrifugation of collected heparinized blood 
over diatrizoate/Ficoll gradients (Sigma-Aldrich, St. 
Louis, Missouri, USA). PBMCs from the four active- 
SLE patients were obtained following collection of 
peripheral blood in vacutainer citrated cell-preparation 
tubes (Becton Dickinson, San Jose, California, USA) 
according to the manufacturer's instructions. Tonsil- 
lar mononuclear cells (n = 5-22) were obtained as 
described previously (5). Briefly, tonsils were minced 
and digested in RPMI containing 210 U/ml collagenase 



Table 1 

Patient characteristics 



Patient 


Ethnicity 


Disease/ 


Clinical 


SLEDAI/ 


Concomitant 


Anti-CD1 54 


Anti-CD154 






Nephritis 


involvement 


Anti-DNA 


treatment 


treatment 


assessment 






duration 




(IU/ml)/Proteinuria 


schedule 


schedule 






(yr) 




(g/24h) 








1 (45 yr, F) 


Caucasian 


8/8 


Type IV GN, arthritis, 


12/23.9/4.85 


Prednisone 


0,2,4,8,12 


0,2,4,8,12,16 








malar rash, hematologic 


25 mg qd 


weeks 


weeks plus 3 














and 20 months 
after final treatment 


2(31yr, F) 


Caucasian 


9/7 


Type III CN, arthritis, 


8/31.6/1.67 


Prednisone 


0,2,4,8 


0,2,4,8,12 






malar rash 




5mgqd,HCLQ 
400 mg qd 


weeks 


weeks plus 20 
months after 
final treatment 


3 (25 yr, F) 


African-American 


8/7.5 


Type IV CN, arthritis, 


8/9.4/4.42 


Prednisone 


0,2,4,8 


0,2,4,8,12 






rash, pericarditis 




20 mg qd, 


weeks 


weeks plus 










HCLQ 
400 mg qd 




2 months after 
final treatment 


4 (35 yr, F) 


Asian 


5/2.7 


Type IV GN, arthritis, 


18/981/1.85 


Prednisone 


0,2,4 


0, 2, 4 weeks 






malar rash, pleuritis, 
subacute cutaneous LE, 
photosensitivity 




30 mg qd, 

HCLQ 
400 mgqd 


weeks 


plus 20 months 
after final treatment 



F, female; CN, glomerulonephritis; LE, lupus erythematosus; qd, four times a day; HCLQ, hydroxychloroquine. 
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cype I (Worthington Biochemical Corp., Lakewood, 
New Jersey, USA) and 90 U/ml DNase (Sigma-Aldrich) 
for 30 minutes at 37° C. Following filtration through a 
wire mesh, the cells were washed twice in 20% 
FBS/RPMI and once in 10% FBS-RPMI before cen- 
trifugation over diatrizoate/Ficoll gradients. 

In some cases, B cells were negatively selected on a 
magnetic column (StemCell Technologies, Vancouver, 
British Columbia, Canada) after staining with a mix- 
ture of dextran cross-linked mAb specific for gly- 
cophorin A, CD2, CD3, CD14, CD16, CD33, and 
CD56, followed by exposure to a magnetic colloid cova- 
lently linked to anti-dextran mAb. The resultant popu- 
lation of B cells was analyzed by flow cytometry and 
found to be more than 97% positive for slg (FITC-con- 
jugated anti-polyvalent Ig Ab; Caltag, Burlingame, Cal- 
ifornia, USA). Alternatively, PBMCs were stained with 
phycoerythrin-conjugated (PE-conjugated) anti-CD 19 
(Becton Dickinson, San Jose, California, USA) and sort- 
ed for the CD 19* population using the FACSVantage 
SE (Becton Dickinson). 

Analysis ofB cell function. B cells were cultured (1 x 10 s 
per well) in U-bottom microtiter plates (Costar-Corning 
Inc., Corning, New York, USA) in RPMI (Life Technolo- 
gies Inc., Grand Island, New York, USA) supplemented 
with penicillin G (200 U/ml), gentamicin (10 Hg/ml), 
and 10% FCS. For analysis of the effects of CD 154, cells 
were incubated in the presence of a previously described 
saturating concentration of 10 |lg/ml (5) of the mouse 
anti-CD 154 mAb (5c8; a kind gift from Biogen Inc.) or 
an iso type-matched control Ab (PI. 17; mouse IgG2a; 
American Type Culture Collection, Manassas, Virginia, 
USA). In some cases, the humanized mouse anti- 
human CD 154 mAb used in the clinical trial, or pooled 
human Ig (Sandoglobulin; Novartis, East Hanover, New 
Jersey, USA) as a control, was used. 

To measure proliferation as assessed by DNA synthe- 
sis, cells were incubated in duplicate for various periods 
at 37°C with 1 jlCi [ 3 H]TdR present for the last 18 
hours of culture. Cells were harvested onto glass filter 
paper, and [ 3 H]TdR incorporation was determined by 
liquid scintillation spectroscopy. 

IgM and IgG from pooled supernatants were ana- 
lyzed by ELISA. Polystyrene microtiter plates were coat- 
ed with capture Ab by incubation overnight at 37° C. 
After washing and blocking, coated plates were incu- 
bated with serial dilutions of standards or appropri- 
ately diluted culture supernatants for 16 hours at 
37° C. Washed plates were incubated with peroxidase- 
conjugated goat anti-human IgM or IgG Ab for 1-2 
hours at 37° C. After addition of substrate (o-phenyl- 
enediamine or chlorophenolred-p-D-galactopyrano- 
side), the development of colored reaction product was 
quantitated using an ELISA reader. 

Flow cytometric analysis. For analysis of activation- 
antigen expression, PBMCs were stained with FITC- 
conjugated anti-IgD (Caltag Laboratories Inc.), Tri- 
color (TC; PE-Cychrome 5)-conjugated anti-CD 19 
(Caltag Laboratories Inc.), APC-conjugated anti-CD38 



(Becton Dickinson), and PE-conjugated mAb against 
CD69 (Becton Dickinson) or CD 154 (89-76; Becton 
Dickinson) as previously described (5). In some cases, 
CD 154 was identified by staining with unconjugated 
anti-CD 154 (5c8; Biogen Inc.) followed by PE-conju- 
gated goat anti-mouse Ig as previously described (5). 
Alternatively, PBMCs were stained with a combination 
of FITC-conjugated anti-IgD, PE-conjugated anti- 
CD^ (Becton Dickinson), and TC-conjugated anti- 
CD5 (Caltag Laboratories Inc.); a combination of 
FITC-conjugated anti-CD27 (Becton Dickinson), PE- 
conjugated anti-IgD (Pharmingen), and TC-conjugat- 
ed anti-CD 19; or a combination of FITC-conjugated 
anti-IgD, PE-conjugated anti-IgM, and TC-conjugat- 
ed anti-CD 19. Cells were stained with mAb according 
to the manufacturers instructions in PBS with 1% 
BSA at 4°C for 30 minutes. Cells were washed and 
resuspended in PBS with 1% BSA before analysis with 
FACSCalibur (Becton Dickinson). PAINT-A-GATE 
and CellQuest (Becton Dickinson) were used to ana- 
lyze data generated by flow cytometry. 

To determine the presence of Ig-secreting plasma 
cells and the ceil cycle status of B cells, cells were fixed 
and permeabilized with FACSjuice or fixed with FAC- 
Slyse (Becton Dickinson) for 10 minutes in the dark at 
room temperature, washed with 1% BSA/PBS, and 
stained with FITC-conjugated goat F(ab')2 anti- 
human Ig or IgD (Caltag) and APC-conjugated anti- 
CD38 mAb. Cells were incubated with hypotonic pro- 
pidium iodide solution to identify the presence of 
apoptotic cells and cells in cycle. The percentage of 
cells that were positive for intracytoplasmic (IC) Ig and 
the mean fluorescence intensity (MFI) of IC Ig expres- 
sion were determined using the CellQuest and PAINT- 
A-GATE programs (Becton Dickinson). Specifically, IC 
Ig expression was determined by subtraction of the 
histogram representing the combination of surface 
and IC Ig expression in permeabilized cells. 

PCR analysis ofCD154 mRNA. CD19 + B cells were sort- 
ed from PBMCs stained with fluorochrome-conjugated 
anti-CD19 into 96-well PCR plates (Robbins Scientific 
Corp., Sunnyvale, California, USA) using a FACSVantage 
flow cytometer (Becton Dickinson). Total RNA was 
extracted using the RNeasy RNA isolation kit (QIAGEN 
Inc., Chatsworth, California, USA). From each patient, 
0.1 X 10 6 sorted B cells were used for RNA preparation. 
Contaminating genomic DNA was removed using RQ1 
RNase-free DNase (Promega Corp., Madison, Wisconsin, 
USA) according to the manufacturer's instructions. For 
conversion of mRNA into cDNA, Superscript II Reverse 
Transcriptase (Life Technologies Inc.) was used accord- 
ing to the manufacturer's instructions. The following 
sequences of oligonucleotides were used as primers for 
the amplification of cDNA: CD 154 sense, 5'-AGTCAGGC- 
CGTTGCTAGTCAGT-3'; CD 154 antisense, 5'-GGAAA- 
CAATGGAGACTGCAGGTA-3'; CD 154 nested sense, 5'- 
AGTC AG G CCGTTG CTAGTC AGT-3' ; CD 154 nested 
antisense, 5'-TTATGAGGAGTGGGCAGGCTCAG-3'; CD40 
sense, 5 / -GCAGGCACAAACAAGACTGA-3 / ; CD40 anti- 
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sense, 5'-CGACTCTCTTTGCCATCCTC-3'; CD40 nested 
sense, S'-GCCAAG AAG CCAACCAATAA-3' ; CD40 nested 
antisense, 5'-CGACTCrCTTrGCCATCCTC-3'; p-actin 
sense, 5'-GTCCTCTCCCAAGTCCACACA-3'; P-actin anti- 
sense, 5 '-TGGTCTC AAGTC AGTGTAC AG GTAA-3' ; p-actin 
nested sense, 5'-GTCCTCTCCCAAGTCCACACA-3'; P-actin 
nested antisense, 5'-CTCAAGTTGGGGGACAAAAAG-3'. 

Statistics, Data are shown as the mean ± SEM and 
were tested for statistical significance using the Stu- 
dent's t test. Statistical significance in the figures and 
tables is indicated with pairs of symbols denoting 
specific comparisons. 

Results 

SLE B cells express functionally active CD 154. Whereas T 
and B cells from the periphery of normal, non- 
autoimmune volunteers were largely unactivated and 
CD154-negative, CD 154 was spontaneously expressed 
on the surface of B and T cells from the periphery of 
active-SLE patients at similar densities (Figure la). 
Notably, in a separately analyzed active-SLE patient 
who was not part of the humanized anti-CD 154 mAb 
treatment study, CD154 spontaneously expressed on 
the surface of active-SLE B cells was equivalently iden- 
tified by the 5c8 clone of anti-CD 154 (Biogen Inc.) or 
a commercially available anti-CD 154 mAb (89-76; 
Becton Dickinson) (Figure lb). Whereas highly puri- 
fied B cells from the periphery of normal, non- 
autoimmune volunteers did not proliferate or secrete 
Ig when cultured alone in vitro, cultured peripheral B 
cells from active-SLE patients spontaneously prolif- 
erated and secreted Ig in a manner that was inhibited 
significantly in the presence of a blocking anti-CD 154 
mAb (BG9588, 5c8) (Figure lc). 

Differences in expression of activation and differentiation 
antigens on B cells from the periphery of active-SLE patients 
compared with B cells from the periphery or secondary lym- 
phoid tissues of normal non-autoimmune volunteers. A 
number of activation and differentiation markers 
were assessed to determine the functional status of 
the SLE B cells in greater detail (Table 2). B cells in the 
blood of the active-SLE patients were activated as 
assessed by bright expression of IgM and spontaneous 
expression of CD69 and CD 154 (Table 2). A signifi- 
cantly lower percentage of B cells in the periphery of 
non-autoimmune normal volunteers spontaneously 
expressed these activation antigens. The percentages 
of active-SLE B cells expressing CD69 and CD 154 as 
well as the densities of expression of CD69, CD 154, 
and IgM were much higher on the pre-switch IgD + 
subset compared with the post-switch IgD" subset. 
This trend was also noted for peripheral B cells from 
normal non-autoimmune volunteers. 

The percentage of B cells expressing CD27 or CD5 
and the level of expression was significantly higher in 
pre-switch IgD + cells from active-SLE patients com- 
pared with cells from the periphery or the secondary 
lymphoid tissue tonsil of non-autoimmune volunteers 
(Table 2). In addition, the level of CD27 or CD5 



expressed on post-switch IgD' B in the periphery of 
active-SLE patients was similar to that on ceils from 
tonsil and was significantly higher than in the periph- 
ery of normal volunteers. Of interest, the percentage of 
post-switch IgD" B cells from active-SLE patients that 
expressed CD5 was significantly greater than that of 
cells from the periphery or the secondary lymphoid tis- 
sue tonsil of non-autoimmune normal volunteers. 
Moreover, there was no significant difference in the 
percentage of post-switch IgD" B cells expressing CD27 
in the periphery of active-SLE patients compared with 
cells from the periphery or secondary lymphoid tissues 
of non-autoimmune volunteers. 

The percentage of B cells expressing CD38 was sig- 
nificantly higher in pre-switch IgD + cells from active- 
SLE patients compared with cells from the periphery 
of normal non-autoimmune volunteers but was not 
significantly different from that in cells from the sec- 
ondary lymphoid tissue tonsil (Table 2). In addition, 
the percentage of B cells expressing CD38 was signif- 
icantly higher in pre-switch IgD + cells than in post- 
switch IgD" cells. Examples of B cell subsets defined 
by expression of CD38 and IgD are shown in Figure 
2a for one tonsil that contained all eight possible 
subsets (n = 22), two different normal non-autoim- 
mune volunteers (n - 8), and one active-SLE patient 
who exhibited all eight possible subsets. Notably, 
comparison of these subsets revealed that, on aver- 
age, the percentage of CD38 +++ IgD + Ig-secreting plas- 
ma cells was significantly higher (P = 0.035) in the 
peripheral blood of the SLE patients (3.0% ± 1.1%, 
range 0-5%) than in the non-autoimmune normal 
volunteers (1.0% ± 0.5%, range 0-4%). Of interest, the 
percentage of CD38 +++ IgD + plasma cells in the blood 
of active-SLE patients was comparable to the per- 
centage found in the B cell compartment of chroni- 
cally activated tonsil tissue (3.0% ± 1%, range 0-8%). 
Moreover, there was a significantly higher percentage 
of CD38 + IgD + B cells in the periphery of active-SLE 
patients (35.3% ± 4.5%, range 24-45%) than in tonsil 
tissues (17.0% ± 3.8%, range 1-33%; P = 0.0096), and 
there was a higher percentage of CD38 ++ IgD + B cells 
in the periphery of active-SLE patients (16.5% ± 6.1%, 
range 5-28%) than in both blood (4.5% ± 1.0%, range 
0-8%; P = 0.01) and tonsil (3.0% ± 1.5%, range 1-14%; 
P = 0.0089) from normal non-autoimmune volunteers. 
Furthermore, there was no significant difference 
between the percentages of CD38TgD + B cells in the 
periphery of non -autoimmune controls (32.6% ± 9.5%, 
range 7.0-82.0%) and active-SLE patients, but there 
was a significantly higher percentage of CD38~IgD + B 
cells in the periphery of active-SLE patients (21.8% ± 1.2%, 
range 20.0-25.0%) compared with the B cell com- 
partment of tonsil tissue (6.0% ± 1.3%, range 
1.0-13.0%; P = 9.6 X10" 6 ). 

In contrast to the pre-switch IgD* peripheral B cell 
subsets as described above, there were no significant 
average differences in the post-switch IgD" peripher- 
al B cell subsets defined by CD38 in active-SLE 
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Table 2 

Phenotypic analysis of human B cell subsets 



IgM 

% 

MR 

CD69 

% 

MFl 

CD154 

% 

MFl 

CD27 

% 

MFl 

CD5 

% 

MFl 

CD38 

% 

MFl 



Normal PB (n - 8) 

77.7 ± 8.3* 
(61-86) 

60.0 ± 12.3* 
(37-79) 

37.8 ± 11.4X 

(3-92) 
172.6 ±57.1 5 
(42-421) 

20.4 ±5. 3" 
(4-44) 
930.8 ± 281. 3 X ' V 
(175-2,521) 

36.2 ± 6.9 9 - n 

(19-62) 
75.2 ± 17.8 11 

(29-142) 

51.3 ±8.8 2 
(27-93) 
528.3 ± 130.3 4 ' 6 
(71-1,114) 

49.1 ± 11.0 
(5-88) 

139.0 ±25.0° 
(42-208) 



CD19 + lgD* 
SLE PB (n - 4) 

95.5±4.2 U - X 
(83-100) 
657.8 ± 173.6 a * 
(157-952) 

70.5 ± 12.0* 
(47-99) 
305.8 ± 116.88 
(84-579) 

77.3 ±1 2. 3*"' r 

(55-99) 
1,054.3 ± 244.4 s 
(559-1,553) 

97.0 ± 2.1 9 » m 
(93-100) 
467.3 ± 157.0 11 '" 
(164-689) 

87.5 ± 8.4 2 - c 
(64-100) 
1,247.8 ± 439.3 4 - 7 - d 
(371-2,464) 

71.0±5.3P 
(57-81) 
412.5 ± 200.2° 
(187-1,012) 



Tonsil (n - 5-22) 

65.8 ± 12.1 f - u 

(33-91) 
136.0 ±38.71 
(47-236) 

54.6 ± 7.9 
(28-75) 
58.8 ± 13.98 
(7-90) 

16.5 ±6.9' 
(3-49) 

284.5 ± 167.0 s ' 
(33-1,432) 

38.4 ± 7.5i> m 

(24-62) 
87.2 ± 14.8" 
(39-130) 

45.1 ± 13.3 C 
(5-98) 
276.3 ±102.7 d 
(48-811) 

73.6 ±4.0 
(5-90) 

259.7 ± 84.8P 
(39-2,021) 



Normal PB 

1 7.7 ±6.7 k 

(11-31) 
21.7 ± 5.2 s 

(15-32) 

20.0 ± 11.5 

(2-99) 
38.3 ± 3.1 h - 5 * 
(28-52) 

6.1 ±3.8 
(0-31) 
236.8 ± 88.3 X ' W 
(0-705) 

66.7 ± 7.7 13 

(49-89) 
39.8±6.0 12 '° 
(19-60) 

43.3 ± 12.6 3 

(6-94) 
85.7 ± 11. 0 5 ' 6 
(32-112) 

45.0 ±9.6 
(4-72) 
493.1 ± 225.0 
(49-1,640) 



CD19 + lgD- 
SLE PB 

92.3 ± 6.1 b ' k 
(74-100) 

116.5 ±36.1 
(26-195) 

38.5 ± 11.9 

(8-66) 
78.3 ±27.1* 
(33-150) 

17.0 ±7.5" 
(2-36) 
1,264.3 ±517.6 C 
(169-2,969) 

72.7 ± 9.9 
(59-92) 
117.0±41.0 12 
(39-178) 

85.0±11.6 3 ' e 

(51-100) 
162.8 ± 49.4 5 7 
(94-306) 

51.8±3.7P 
(45-62) 
442.0 ± 268.4 
(125-1,245) 



Tonsil 

23.0 ± 11.9 f - b 

(4-58) 
92.0 ± 26.6 8 
(35-162) 

37.4 ± 7.5 
(17-61) 

65.6±3.0 b 
(56-72) 

9.4 ±5.3 
(0.4-37) 
53.5 ± 17.4 wt 
(20-138) 

58.4±4.0i 

(45-67) 
76.0 ± 19.1° 
(22-135) 

36.4±15.6 e 

(1-96) 
200.9 ±95.2 
(29-760) 

70.1 ± 5.0 
(1-92) 
462.2 ± 71. 1P 
(30-1,739) 



Statistical significance (P < 0.05; range 0.00003-0.049) is indicated with pairs of symbols denoting specific comparisons. Ranges are shown in paren- 
theses. PB, peripheral blood. 



patients compared with normal peripheral B cells. 
When compared with tonsil, the periphery of both 
active-SLE patients and normal non-autoimmune 
healthy volunteers had fewer CD38 + IgD _ and 
CD38 ++ IgD- B cells. 

Expression of differentiation and activation antigens dur- 
ing and after treatment of active-SLE patients with human- 
ized anti-CD 154 mAb (BG9588, 5c8). CD38P ositivc B cells 
in the circulation of the active-SLE patients disap- 
peared from the peripheral blood during the treat- 
ment regimen with humanized anti-CD 154 mAb 
(Figures 2b, 2c, and 3a). Specifically, before the treat- 
ment regimen, 65% ± 5.5% of the B cells were CD38P ositive . 
At 4-8 weeks after initiation of treatment, the per- 
centage of CD38P ositivc B cells in the circulation had 
dropped to 7.0% ± 4.1% (P = 0.00017 compared with 
before treatment). Withdrawal of treatment led to a 
reappearance of CD38P ositive B cells in the circulation 
(73.8% ± 6.9%; P = 0.00018) at the earliest time point 
tested, 2 months after treatment, at a percentage 



that was not different from the pretreatment per- 
centage (P > 0.05). Of interest, this trend was signif- 
icant for both the pre-switch IgD + and the post- 
switch IgD" B cell subsets. 

Figures 2b and 2c depict the effect of humanized 
anti-CD 154 mAb treatment on the individual periph- 
eral B cell subsets in active-SLE patients, defined by 
CD38 and IgD. Four to eight weeks of treatment led to 
a significant reduction in the peripheral CD38 + / ++ IgD + 
B cell and CD38 +++ IgD + plasma cell populations and 
a significant mean increase in the CD38"IgD~ periph- 
eral B cell population. After treatment was discon- 
tinued, these effects dissipated. Of note, the 
CD38 +++ IgD" plasma cells that were present in the 
periphery of SLE patient no. 3 (SLE no. 3) disappeared 
from the periphery following two treatments with 
humanized anti-CD 154. Interestingly, the CD38 +++ 
cells that reappeared in the circulation of SLE no. 3 
two months after withdrawal of treatment were pre- 
switch IgD + plasma cells (data not shown). 
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By contrast, the percentage of CD69 + B cells observed 
in the periphery of SLE patients (57.0% ± 9.0%, range 
13.0-100.0%; MFI 269.3 ± 168.5, range 59-633) did not 
significantly change during the treatment period 
(91.9% ± 4.7%, range 81-100%; MFI 171 ± 39.6, range 
101-279) but did decrease after the treatment was with- 
drawn (62.3% ± 7.3%, range 46-79%; MFI 305.8 ± 134.7, 
range 59-633; P = 0.011) (Figure 3b). Separate analysis 
of the pre-switch IgD + and post-switch IgD" subsets 
revealed different trends of CD69 expression in 
response to treatment. Specifically, the pre-switch IgD + 
subset followed the trend observed in the whole B cell 
population. By contrast, the percentage of CD69 + cells 
in the post-switch IgD" subset significantly increased 
following 4-8 weeks of treatment and then signifi- 
cantly decreased during the post-treatment period. 

Similar to the disappearance of CD69 + B cells from 
the circulation following withdrawal of anti-CD 154 
treatment, the CD154 + pre-switch IgD + B cells 
observed in the periphery of SLE patients decreased 
after the treatment was stopped (Figure 4). Of note, 
CD 154 protein expression on the surface of cells 
could not be examined during the time that anti- 
CD 154 mAb was being administered to the patients, 
since the treatment itself covered up available CD 154 
epitopes. For this reason, PCR analysis was used to 
monitor expression of CD 154 mRNA in individually 



sorted CD 19 + B cells at the pretreatment time point 
and after initiation of treatment. These experiments 
demonstrated that expression of CD 154, and, as con- 
trols, P-actin and CD40, had not changed at 1 month 
after treatment initiation. 

Figure 5 depicts the effect of humanized anti- 
CD154 mAb treatment on the expression of CD27 on 
circulating peripheral B cells of individual active-SLE 
patients. Histograms of CD27 expression in normal 
non-autoimmune volunteers are shown for compari- 
son. The percentage of pre-switch IgD + B cells express- 
ing CD27 significantly decreased following treatment 
with anti-CD 154 (pretreatment, 98.0% ± 1.2%, range 
95-100%; during treatment, 73.0% + 1.9%, range 
69-77%; post-treatment, 43.0% ± 22.2%, range 13-97%; 
P = 0.0004). There were no significant changes in 
CD27-expressing B cells in the post-switch IgD" sub- 
set. Individual patients exhibited different trends. For 
example, the percentage and MFI of CD27-expressing 
pre-switch IgD + cells in SLE nos. 1 and 2 continued to 
remain low in the post-treatment time period, whereas 
CD27-positive pre-switch IgD + cells reappeared in the 
periphery of SLE no. 3 following treatment withdraw- 
al. These trends are reflected in the finding that, on aver- 
age, pre-switch IgD + cells expressing a low level of CD27 
(CD27 low / + ) were significantly reduced (P = 0.0003) 
when comparing this population during treatment 



a CD4+T cells CD19 + B cells 




3 H-thy incorporation (cpm) IgM production (ng/ml) IgG production (ng/ml) 

Figure 1 

Freshly isolated SLE B cells express functionally active CD154. (a and b) CD154 expression on CD4 + T cells and CD 19* B cells from the periph- 
ery of SLE patients and normal volunteers was assessed by flow cytometric staining of PBMCs for CD154 (PE-conjugated 89-76; shown in 
a and in b [left: panel]; unconjugated 5c8 followed by PE-conjugated goat anti-mouse Ig, b [right panel]) and CD19 or CD4 (APC-conju- 
gated mAb, a and b). The results of two of six experiments with similar findings are shown, (c) Freshly isolated, negatively selected periph- 
eral B cells (0.1 x 1 0 5 ) from active-SLE patients and normal volunteers were incubated in the presence of 1 0 Ug/ml anti-CD1 54 (mlgG2a; 
5c8) or 10 U.g/ml control Ab (mouse lgG2a; P1.17). Analysis ofDNA synthesis was carried out on day 3. Ig production was analyzed by ELISA 
after a 5-day incubation. All determinations were performed in duplicate and are expressed as the mean ± SEM. The results of one of three 
experiments with similar findings are shown. 3 H-thy, 3 H-thymidine. 
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Figure 2 

CD38-expressing B cell subsets in active-SLE blood disappear following two treatments with humanized anti-CD1 54 (5c8). Freshly isolated 
mononuclear cells (MNCs) from active-SLE patients (a and b), normal volunteers (a), and individual tonsils (a) were assessed for CD1 9 + 
subpopulations by FACS analysis following staining with FITC-conjugated anti-lgD, PE-conjugated anti-CD38, and APC-conjugated anti- 
CD19. Freshly isolated PBMCs from active-SLE patients before treatment, during treatment (SLE nos. 1 and 2, 2 months; SLE nos. 3 and 4, 
1 month), and after treatment withdrawal (SLE no. 1,3 months after; SLE no. 2, 20 months after; SLE no. 3, 2 months after; SLE no. 4, 20 
months after) were assessed forCD19 + subpopulations by FACS analysis following staining with FITC-conjugated anti-lgD, PE-conjugated 
anti-CD38, and APC-conjugated anti-CD1 9 (c). The mean ± SEM percentages of CD1 9 + B cells in each subset defined by CD38 and IgD are 
shown graphically. Statistical significance was determined by the Student's t test and is depicted with each pair of symbols indicating a spe- 
cific comparison: X P - 0.0445, a P = 0.0208, + P = 0.0208, PP - 0.00037, 8 P - 0.01 4, TP - 0.01 97, *P = 0.01 6. 



with the post-treatment time point (pretreatment, 
38.3% ± 18.4%, range 13-74%; during treatment, 
50.3% ± 5.2%, range 40-56%; post-treatment, 22.3% ± 
11.9%, range 8-46%). In addition, CD27"IgD + cells were 
significantly increased (pretreatment, 2.3% ± 1.5%, 
range 0-5; during treatment, 27.3% ± 2.3%, range 
23-31%; post-treatment, 57.3% ± 27.2%, range 3-87%) 
(P - 0.04) when comparing this population during 
treatment with the post-treatment time point. 

Figure 6 depicts the effect of humanized anti-CD 154 
mAb treatment on the expression of CDS on circulat- 
ing peripheral B cells of active-SLE patients. Although 
no significant average differences were observed 
between the pre-switch IgD + and the post-switch IgD" 
B cell subsets in the percentage or density of total CDS 
expression following treatment, there were significant 
differences within individual subsets. Notably, the pre- 
switch cells that were bright for CD5 (CD5 +++ IgD + ) sig- 
nificantly decreased (P ° 0.02) in the periphery follow- 
ing 4-8 weeks of humanized anti-CD 154 treatment 
(pretreatment, 18.3% ± 3.4%, range 14-25%; during 
treatment, 7.7% ± 1.8%, range 5-11%; post-treatment, 
8.7% ± 3.8%, range 3-16%). In addition, both pre- 
switch IgD + and post-switch IgD" B cells expressing a 
low level of CD5 (CD5 + ) followed the same trend after 
humanized anti-CD 154 treatment with respect to 



expression of CD69 and CD 154. On average, the CD5 + 
B cell subset did not change during the treatment peri- 
od but significantly decreased (P < 0.04) following 
treatment withdrawal (IgD + : pretreatment, 46.3% ± 
10.7%, range 46-81%; during treatment, 49.7% ± 10.8%, 
range 28-61%; post-treatment, 11.7% ± 3.3%, range 
5-16%; IgD - : pretreatment, 65.6% ± 10.3%, range 
46-81%; during treatment, 62.0% ± 12.1%, range 
38-76%; post-treatment, 25.3% ± 9.5%, range 13-44%). 
Different trends were noted in SLE nos. 2 and 3. 
Specifically, in SLE no. 2, the pre-switch IgD + and post- 
switch IgD" subsets that were positive for CDS 
decreased in both percentage and MFI during treat- 
ment and after treatment withdrawal so that in the 
post-treatment period the pre-switch cells were most- 
ly CD5-negative. In SLE no. 3, treatment with human- 
ized anti-CD 154 mAb decreased the density of CDS on 
the surface of both pre-switch IgD + and post-switch 
IgD" B cells; this decrease was reversed in the post- 
treatment time period. 

Treatment with humanized anti-CD 154 mAb (BG9588, 
5c8) has no effect on circulating lymphocyte numbers. 
Blocking CD154-CD40 interactions with humanized 
anti-CD 154 mAb (BG9588, 5c8) did not significant- 
ly affect the total number of mononuclear cells, CD4 + 
T cells, or CD19 + B cells found in the peripheral 
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Figure 3 

Expression of activation antigens by B cells diminishes with different kinetics following treatment of active-SLE patients with humanized anti- 
CD1 54 (5c8). Freshly isolated PBMCs from normal volunteers and active-SLE patients before treatment, during treatment, and after treat- 
ment (SLE no. 1 , 2 months after; SLE no. 2, 20 months after; SLE no. 3, 3 months after; SLE no. 4, 20 months after) were assessed for CD69 
and CD38 expression in CD1 9 + B cell subsets by FACS analysis following staining with FITC-conjugated anti-lgD, APC-conjugated anti-CD1 9, 
and PE-conjugated Ab against CD69 or CD38. The percentages of CD1 9 + pre-switch lgD + and post-switch IgD" B cells expressing CD38 (a) 
and CD69 (b) before, during, and after treatment are shown. 



blood of these patients (40). Moreover, treatment of 
active SLE nephritis patients with humanized anti- 
CD 154 did not significantly change the ratio of pre- 
switch IgD + to post-switch IgD" B cells in the periph- 
ery (before treatment, 6 ± 3, range 1-12; 2 weeks after 
treatment initiation, 5 ± 3, range 1-13; 1 month after 
treatment initiation, 3 ± 2, range 1-3; 2 months after 
treatment initiation, 5 ± 3, range 1-6; after final treat- 
ment, 2 ± 1, range 1-4; P > 0.05). 

Spontaneously proliferating B cells and Ig-secreting B cells 
disappear from the peripheral blood of active-SLE patients fol- 
lowing treatment with humanized anti-CD 154 mAb 
(BG9588, 5c8). A hallmark of active SLE is the presence 
of spontaneously proliferating B cells in the periphery 
(Figure lc). For SLE patient nos. 1 and 2 who partici- 
pated in the anti-CD 154 mAb trial, spontaneously 
proliferating B cells were observed in the periphery as 
assessed by the percentage of peripheral B cells in the 
S/G2/M stages of the cell cycle (Figure 7a). Two treat- 
ments with humanized anti-CD 154 mAb decreased 
the presence of these cells in the circulation, but they 
reappeared in the circulation following withdrawal of 
treatment. Of note, B cells in the periphery of non- 
Figure 4 

CD1 54 expression by active-SLE B cells after a treatment course 
with humanized anti-CD154 (5c8). Individual CD19 + B cells in 
freshly isolated PBMCs from normal volunteers and active-SLE 
patients before treatment, after two treatments, and 2-3 months 
after treatment were identified following staining with fluoro- 
chrome-conjugated anti-CD19 and either sorted into individual 
wells using a FACSVantage flow cytometer (a) or additionally 
stained with PE-conjugated anti-CD1 54 (89-76; b). Transcripts of 
CD154, CD40, and p-actin mRNA were identified by PCR and 
Southern blotting (a). Surface expression of CD1 54 is shown in b, 
where the dotted line indicates the cutoff for staining with a PE-con- 
jugated isotype-matched control Ab. 



autoimmune normal volunteers do not spontaneous- 
ly proliferate (Figure lc) and thus are in the Go or Gi 
stage of the cell cycle (data not shown). 

Circulating Ig-secreting cells were identified in the 
blood of two of four of the SLE patients (nos. 1 and 3). 
Whereas less than 1% of the PBMCs isolated from SLE 
no. 1 were positive for IC Ig (data not shown), 3% of the 
PBMCs isolated from SLE no. 3 were positive for IC 
Ig (Figure 7b). As expected, all of these cells were 
CD38 bri s ht ( +++ >. Interestingly, 60% of the IC Ig + cells were 
in the S, G2, or M phase of the cell cycle, indicating that 
they were dividing plasma cells, whereas the remaining 
40% were in the Go or Gi phase, representing nonpro- 
liferating plasma cells. Treatment of SLE no. 3 with 
humanized anti-CD154 mAb resulted in complete and 
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Figure 5 

Impact of treatment with humanized 
anti-CD154 Ab (5c8) on CD27-ex- 
pressing B cell subsets. Freshly isolated 
PBMCs from active-SLE patients and 
normal volunteers were assessed for 
CD27 expression in B cell subsets by 
FACS analysis following staining with 
FITC-conjugated anti-CD27, PE-con- 
jugated anti-lgD, and TC-conjugated 
anti-CD19. Histograms of CD27 ex- 
pression on B cells from normal volun- 
teers or active-SLE patients before 
treatment, during treatment (SLE nos. 
1 and 2, 2 months; SLE no. 3, 1 month), 
or after withdrawal of treatment (SLE 
no. 1, 3 months after; SLE no. 2, 20 
months after; SLE no. 3, 2 months 
after) are shown. 



sustained disappearance of Ig-secreting cells from the 
peripheral blood for the duration of the treatment reg- 
imen. Two months after withdrawal of treatment with 
humanized anti-CD 154 mAb, the Ig-secreting cells 
reappeared in the peripheral blood (Figure 7b). 

Treatment of active-SLE patients with humanized anti- 
CD 154 mAb (BG9588, 5c8) decreases anti-dsDNA Ab lev- 
els, decreases the degree of proteinuria, and improves the SLE 
disease activity index score. The overall clinical response 
observed in the multicenter trial has been reported 
(40). All four patients included in this analysis showed 
some improvement during and after the treatment 
period with humanized anti-CD154 mAb (BG9588, 
5c8) (Figure 8). A treatment-related decrease in anti- 
dsDNA Ab was seen in all patients. The pretreatment 
level of serum anti-dsDNA Ab was 188.5 ± 355 IU/ml 
(100%; range 9.4-981 IU/ml, normal value <3.6 
IU/ml). After two treatments, serum anti-dsDNA sig- 
nificantly decreased to 64% ± 19% of the pretreatment 
value (range 32-81%; P = 0.008). In the three patients 
who received more than three treatments, a signifi- 
cant decrease in serum anti-dsDNA Ab was observed 
after three and four treatments (2 and 3 months), to 
66% ± 2% (range 63-68%; P = 0.001) and 63% ± 7% 
(range 54-69%; P = 0.0001) of the pretreatment value, 
respectively. Six months after treatment was with- 
drawn, serum anti-dsDNA Ab rebounded to 1 13% ± 33% 
(range 67-157%) of the pretreatment level. Gradual 
increases started at 2 months after treatment, to 61% 
± 30% (range 26-105%) of pretreatment levels, and 
continued 3 months after treatment to 80% ± 25% 
(range 60-122%) of pretreatment levels. 



The mean proteinuria for all four patients enrolled 
in the anti-CD154 trial was 3.6 ± 1.4 g/24 h (100%; nor- 
mal value 0 g/24 h) at the pretreatment time point. 
Following two treatments, proteinuria was 94% ± 9% 
of the pretreatment level (3.4 ± 1.5 g/24 h; P > 0.05). 
Proteinuria was significantly decreased from the pre- 
treatment value following three treatments at the 
2-month time point (2.5 ± 1.8 g/24 h, 68% ± 35% of the 
pretreatment level; P < 0.05). This significant decrease 
was sustained at the 3-month time point (four treat- 
ments, 2.1 ± 1.1 g/24 h, 60% ± 21% of the pretreatment 
level) and in the post-treatment period (3 months, 1.9 
± 1.5 g/24 h, 65% ± 31% of the pretreatment level; 6 
months, 1.6 ± 1.9 g/24 h, 48% ± 41% of the pretreat- 
ment level; P < 0.05). A long-term effect of anti-CD154 
treatment on kidney function was suggested by the 
finding that at the 20-month post-treatment time 
point, mean proteinuria was 0.6 ± 0.6 g/24 h (32% ± 
31% of the pretreatment level) in three of four patients 
with a prolonged response. 

SLE disease activity index (SLEDAI) was measured 
at a pretreatment time point, during the course of 
treatment, and after treatment was withdrawn. The 
mean SLEDAI for all four patients enrolled in the 
anti-CD 154 trial was 10.6 ± 3.9 (100%) at the pre- 
treatment time point, 7.3 ± 4.7 (71% ± 42%) after two 
treatments, and 4.0 ± 1.6 (42% ± 12% of the pretreat- 
ment score; P < 0.05) at the 2-month time point after 
three treatments. This favorable effect of anti-CD 154 
treatment on SLEDAI was persistent after cessation of 
treatment, as the mean SLEDAI recorded 3 months 
after the final treatment was 5.6 ± 3.7 (52% ± 30% of 
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Figure 6 

CD5 subsets of peripheral B cells 
diminish following treatment with 
humanized anti-CD154 Ab (h5c8). 
Freshly isolated PBMCs from active-SLE 
patients and normal volunteers were 
assessed for CD5 expression in B cell 
subsets by FACS analysis following 
staining with FITC-conjugated anti-lgD, 
PE-conjugated anti-CD19, and TC- 
conjugated anti-CD5. Histograms of 
CD5 expression on B cells from normal 
volunteers or active-SLE patients before 
treatment, during treatment (SLE nos. 
1 and 2, 2 months; SLE no. 3, 1 
month), or after withdrawal of treat- 
ment (SLE no. 1,3 months after; SLE 
no. 2, 20 months after; SLE no. 3, 2 
months after) are shown. 



CDS fluorescence intensity 



the pretreatment score; P < 0.05). Moreover, in the 
three patients (SLE nos. 1, 2, and 4) examined 20 
months after the final treatment, the mean SLEDAI 
was 2.7 ± 2.5 (17% ± 14%), compared with a mean 
score of 12.7 ±4.1 in these patients before treatment 
(P < 0.05). The major determinants of the improve- 
ment in SLEDAI were proteinuria, changes in anti- 
dsDNA Ab, and improvement in urinary-sediment 
and complement levels. Notably, all clinical improve- 
ments occurred in the setting of a lowered daily dose 
of prednisone from a median of 22.5 mg/d (range 
5-30 mg/d) at base line to a median of 12.5 mg/d 
(range 3.75-20 mg/d) at 1 month post-treatment. 

The clinical course of the four active-SLE patients 
treated with humanized anti-CD 154 mAb (BG9588, 
5c8) showed two different patterns following treatment 
withdrawal. SLE nos. 1 and 2 continued to improve in 
all aspects of their disease with the exception of a tem- 
porary increase in anti-dsDNA Ab levels in SLE no. 1 at 
6 months after treatment was withdrawn. Important- 
ly, SLE nos. 1 and 2 achieved and maintained complete 
renal remission without any additional clinical inter- 
vention following treatment withdrawal. SLE nos. 3 
and 4 exhibited a different pattern. Although both SLE 
nos. 3 and 4 improved during treatment with human- 
ized anti-CD154 mAb (BG9588, 5c8) and immediately 
following treatment withdrawal, they eventually exhib- 
ited disease reactivation and required additional 
immunosuppressive therapy. 



Discussion 

Although the results reported here were derived from an 
uncontrolled open-label study involving a small number 
of patients, the data suggest a central role of CD 154- 
CD40 interactions in SLE, since specifically blocking this 
receptor-ligand pair in vivo significantly reduced serum 
autoantibodies, proteinuria, and an index of disease 
activity, SLEDAI. Importantly, anti-CD 154 treatment 
decreased circulating CD38 bri s ht , Ig-secreting cells in a 
time course that was generally similar to that of the 
reduction of serum anti-dsDNA Ab. These results were 
similar to the loss of Ig- and anti-DNA-secreting cells, as 
detected by ELISpot, that was previously reported fol- 
lowing treatment of SLE patients with the humanized 
anti-CD154 BG9588 mAb (40). In addition, blocking the 
CD154-CD40 pair during in vitro cultures of highly 
purified B cells or during in vivo treatment of active-SLE 
patients reduced spontaneous B cell proliferation as well 
as the presence of CD38P osidve B cells (CD38 + / ++ IgD + or 
CD38 + IgD~), which have previously been described in 
both tonsil tissue from non-autoimmune healthy con- 
trols (5) and SLE patients (22) as intermediates in the 
pathway to Ig-secreting cell development. Moreover, 
treatment with anti-CD 154 decreased the appearance of 
pre-switch IgD + B cells that were bright for CDS or CD27 
in the periphery with a time course similar to that of the 
disappearance of CD38 + / ++ Ig-secreting cell differentia- 
tion intermediates or Ig-secreting cells. Finally, B ceils 
that spontaneously expressed CD5 or CD27 at a low 
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Figure 7 

Anti-CD1 54 treatment eliminates proliferating B cells and Ig-secreting B cells from the periphery of active-SLE patients, (a) Freshly isolated 
PBMCs from active-SLE patients before treatment, after two treatments, and 2-3 months after the final treatment were assessed for cell 
cycle following permeabilization, fixation, and staining with propidium iodide and APC-conjugated anti-CD19 Ab. The percentages of live 
cells in the S, G2, or M stage are depicted, (b) Freshly isolated PBMCs from SLE no. 3 before treatment, after two treatments, and 3 months 
after the final treatment were assessed for intracellular Ig and cell cycle following permeabilization, fixation, and staining with propidium 
iodide and FITC-conjugated anti-lg and APC-conjugated anti-CD19 Ab. The presence of IC Ig, the expression ofCD38, and cell cycle status 
are depicted. The percentage of IC Ig* B cells was determined by subtraction of the histogram generated for nonpermeabilized cells (surface 
Ig-positive) from the one generated for permeabilized cells (surface and IC Ig-positive) using CellQuest. The percentages of live cells that 
are CD38 bri s ht or IC lg + are depicted. SSC, side scatter; FSC, forward scatter. 



level, or the early-activation antigens CD69 and CD 154, 
disappeared from the periphery of SLE patients during 
the post-treatment period. Together, these results sug- 
gest that spontaneous CD154-CD40 interactions in 
active-SLE patients drive B cell activation, proliferation, 
and differentiation to autoantibody-secreting plasma 
cells that mediate proteinuria and disease activity. Since 
CD154-CD40 interactions are essential for the develop- 
ment of GC reactions (11), and the Ig-secreting cells 
found in active-SLE patients have the mutational pat- 
terns characteristic of plasma cells generated during GC 
reactions (42-46), the data are consistent with the con- 
clusion that GC reactions play a central role in the sys- 
temic B cell overactivity that is characteristic of SLE. 

Previous studies have defined B cell subsets from 
inflamed secondary lymphoid tissue such as tonsil (5, 
15-19) or the periphery of active-SLE patients (22-26) by 
expression of IgD and CD38. Of note, the current results 
confirm published studies that have demonstrated that 
B cells in the periphery of active-SLE patients express sig- 
nificandy higher levels of CD38 than B cells in the periph- 
ery of normal, non-autoimmune individuals (22, 25, 26). 
In tonsil, pre-switch IgD + CD38 + / ++ cells have been defined 
as activated naive, follicular, mantle zone, or GC founder 



cells (5, 15, 20, 21) and, when isolated from inflamed ton- 
sils, spontaneously differentiate to CD38 +++ IgD + Ig- 
secreting cells in vitro (data not shown). Post-switch 
CD38 + / ++ IgD" B cells are known as GC cells and, when iso- 
lated from inflamed tonsils, spontaneously differentiate 
in vitro to either CD38TgD _ memory cells (5) or 
CD38 +++ IgD" Ig-secreting cells (data not shown). Impor- 
tantly, CD38"/ + / ++ B cells isolated from the periphery of 
active-SLE patients have been observed to differentiate 
spontaneously to Ig-secreting cells when cultured in vitro 
(22), confirming the role of CD38~/ + / ++ cells in the periph- 
ery of SLE patients as Ig-secreting differentiation inter- 
mediates. Of note, the percentages of CD38 + / ++ IgD + Ig- 
secreting cell differentiation intermediates and of 
CD38 +++ IgD + Ig-secreting cell populations were signifi- 
cantly greater in the blood of active-SLE patients than in 
the periphery of normal non-autoimmune volunteers, 
whereas the percentage of CD38~IgD + peripheral B cells 
was equivalent in active-SLE patients and normal non- 
autoimmune volunteers. These data suggest that the 
presence of CD38 + / ++ pre-switch IgD + B cells in the 
periphery of SLE patients is associated with active disease. 
There were no significant differences between normals 
and active-SLE patients in the post-switch IgD" subsets 
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Figure 8 

Treatment of active-SLE patients with humanized 
anti-CD154 mAb (BG9588, 5c8) decreases anti- 
DNA Ab levels and the degree of proteinuria and 
improves SLEDAI. Changes in anti-dsDNA Ab lev- 
els, 24-hour urinary protein excretion (protein- 
uria), and SLEDAI are expressed on the left axis as 
percentage of base-line levels. Prednisone dose is 
shown on the right axis in mg/d. Vertical arrows 
indicate infusions of humanized anti-CD1 54 mAb 
(BG9588, 5c8). Horizontal arrows indicate addi- 
tional immunosuppressive therapy. MMF, myco- 
phenolate mofetil; CYC, cyclophosphamide. 



defined by CD38. These data extend published observa- 
tions regarding CD38P ositive , GC-derived B cells found in 
the circulation of active-SLE patients by examining the 
role of CD154-CD40 interactions in their generation and 
maintenance, especially the CD38 +++ Ig-secreting subsets. 
It is interesting to speculate whether the Ig-secreting cells 
in the periphery of active-SLE patients migrate to the kid- 
ney, as has been shown for lupus-prone mice (47). 

In the present study, evaluation of B cells expressing 
CD38 in the periphery of active-SLE patients before, dur- 
ing, and after treatment with anti-CD 154 mAb extends 
earlier observations by demonstrating that the CD38 + / ++ 
intermediates in the differentiation path to Ig-secreting 
cells and CD38 +++ Ig-secreting cells in the periphery of 
active-SLE patients disappear from the circulation fol- 
lowing one to two treatments with anti-CD 154 and reap- 
pear in the periphery following treatment withdrawal. 
These results extend previously published data that 
define CD38 + / ++ in the periphery of SLE patients as a dif- 
ferentiation intermediate in the path to Ig-secreting cells 
(22), in that they indicate that the presence of peripheral 
CD38 + / ++ Ig-secreting cell differentiation intermediates 
and CD38 +++ Ig-secreting cells in the peripheral blood of 
active-SLE patients is dependent on CD154-CD40 inter- 
actions. Importantly, the upregulation of CD38 expres- 
sion upon ligation of CD40 on B cells has been demon- 
strated at both the mRNA (6) and the protein (7) level. 
The present observations should be considered in light 
of previous observations indicating that maintenance of 
follicular/GC reactions requires ongoing signaling 
through CD154-CD40 interactions. Specifically, entire 
pre-switch follicles and post-switch GCs rapidly disas- 
semble following administration of an anti-CD 154 mAb 
to an immunized non-autoimmune mouse (30) or lupus- 
prone mouse strains with spontaneous follicular/GC 
reactions (31, 32). Moreover, blocking CD154-CD40 
interactions in vivo abolished antigen-stimulated clonal 
expansion of B cells in GCs (33, 34) and decreased the 



development of memory B ceils (5, 35). Furthermore, 
CD40 ligation preferentially induced differentiation of 
CD38 ++ IgD" and CD38 + IgD" GC B cells to memory cells 
defined by phenotype as well as function (36). In conclu- 
sion, the abundance of CD38 + / ++ Ig-secreting cell differ- 
entiation intermediates and CD38 +++ Ig-secreting cells in 
the peripheral blood of active-SLE patients is likely to be 
dependent on overactive GC reactions that are themselves 
dependent on the CD154-CD40 ligand-receptor pair. Of 
note, although the majority of the IgD" B cells in the 
active-SLE patients enrolled in the anti-CD 154 Ab trial 
expressed surface IgM, the isotype of CD38 +++ IgD~ plas- 
ma cells cannot be determined by surface staining, since 
plasma cells are largely slg". 

Memory and Ig-secreting B cell subsets have been 
defined in inflamed secondary lymphoid tissue and in 
the periphery of active-SLE patients by differential expres- 
sion of CD27 and CD5. In inflamed secondary lymphoid 
tissue, memory and Ig-secreting B cell subsets have been 
identified in the subepithelial regions of tonsil. Of note, 
memory cells are Ig-secreting cell differentiation inter- 
mediates that can be driven to Ig-secreting cells following 
engagement of CD40 (37, 38). IC Ig + IgM + IgD + B cells 
have been observed to express a higher level of CD27 and 
CD5 (13, 14, 18) when compared with IC Ig" IgM + IgD + B 
cells that have been defined as memory cells based on the 
presence of somatic hypermutation of Ig genes (13). Of 
note, differential CD27 expression has been used to dis- 
tinguish IC Ig + cells from IC Ig - memory B cells isolated 
from the periphery of active-SLE patients (25, 27). In 
addition, somatic hypermutation of Ig is more extensive 
in the IC Ig + population from either tonsil or the periph- 
ery of active-SLE patients than in the IC Ig" memory pop- 
ulation (13, 27). By contrast, the CD27-negative popula- 
tion did not show evidence of Ig somatic hypermutation 
in B cells from tonsil or the periphery of active-SLE 
patients. Studies using tonsillar B cells have shown that 
a high level of CD5 marks subepithelial plasmablasts and 
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a low level of CD5 identifies activated pre- or post-switch 
B cells in the follicular/GC or extrafollicular/subepithe- 
lial regions (14, 19). In vitro experiments have demon- 
strated that CDS can be induced on the surface of B cells 
following stimulation through CD40 (9) or following 
coculture with anti-CD3-activated T cells (10). Although 
studies have demonstrated that Ig-secreting cells can be 
generated from either CDS" or CD5P osidve B cells (10), 
plasmablasts that secrete anti-dsDNA Ab express a high 
level of CD5, and fully differentiated, nonproliferating 
plasma cells have been observed to be CD5-negative (29, 
48). In the current study, the percentage and MFI of 
CD27 and CD5 expressed on the surface of pre-switch B 
cells from the periphery of SLE patients were significant- 
ly higher than those expressed on peripheral or tonsillar 
B cells from non-autoimmune controls. In addition, the 
dependence of these pre-switch IgD + subsets on ongoing 
CD154-CD40 interactions was demonstrated by the find- 
ing that treatment of active-SLE patients with anti- 
CD 154 mAb decreased the percentage of CD5 bri s ht , 
CD27 bri s ht , and IC Ig + CD38 bri * hc B cells in the periphery. 
These data confirm that CD154-CD40 interactions 
occurring in active-SLE patients generate Ig-secreting cell 
differentiation intermediates such as CD27-positive 
memory cells and Ig-secreting cells that can be identified 
by a number of markers including high expression of 
CD38, CD27, and CD5. 

In normal individuals as well as autoimmune individ- 
uals, targeted somatic hypermutation of Ig has been 
found in CD27-positive but not CD27-negative pre- 
switch IgD + B cells (13, 25, 27). Moreover, histological 
GCs (49) and a hallmark of GC reactions, targeted 
RGYW/WRCY somatic hypermutation of heavy and 
light chain Ig genes, have been demonstrated to be 
absent in X-linked hyper-IgM patients genetically defi- 
cient in CD 154 expression (50, 51) and thus functional 
CD154-CD40 interactions. Interestingly, low percent- 
ages of CD27 + IgD + peripheral B cells have been reported 
in X-linked hyper-IgM patients with a complete block of 
functional CD154-CD40 interactions (the mean of the 
values from the two reports is 4.4% ± 1.3%, range 1-12%, 
n = 8) (52, 53). Of note, the percentage of CD27-positive 
IgD + B cells in the periphery of X-linked hyper-IgM 
patients is markedly lower (P < 0.05) than that found in 
the periphery of normal non-autoimmune volunteers 
(36.2% ± 6.9%; Table 2), which in turn is significantly 
lower than that found in the active-SLE patients 
before treatment with humanized anti-CD 154 mAb 
(97.0% ± 2.1%; Table 2). In light of these observations, 
signals other than CD154-CD40 interactions may make 
a minor contribution to the appearance of CD27 + IgD + B 
cells in the periphery, as has been observed in some cir- 
cumstances for expression of other activation/differen- 
tiation antigens such as CD69, CD 154, and CD5 (5, 9, 
11). This contribution is most apparent in patients 
that lack functional CD154-CD40 interactions, such 
as X-linked hyper-IgM, since the percentage of CD27 + 
circulating IgD + peripheral B cells is small. In normal 
individuals, however, the vast majority of CD27 + IgD + B 



cells appear to be pre-switch memory cells that have orig- 
inated from GCs in secondary lymphoid tissues. 

Active-SLE patients have a higher percentage of circu- 
lating B cells expressing early-activation antigens such as 
CD69, CD 154, or a low level of CD5 than do non- 
autoimmune individuals. Treatment of active-SLE 
patients with anti-CD 154 mAb resulted in a decrease in 
B cells expressing CD69, CD 154, or a low level of CD5 
during the post-treatment time period. Of note, 
although ligation of CD40 on highly purified B cells 
from normal individuals during in vitro culture induced 
expression of CD5 (9) and CD 154 (5), there are other sig- 
nals that also contribute to increased expression of these 
early-activation antigens, including cytokines and 
engagement of slg (11), and these other signals may lead 
to continued expression following blockade of CD 154- 
CD40 interactions. In this regard, the initial stages of B 
cell activation have been previously shown to be inde- 
pendent of CD154-CD40 interactions (54, 55). The find- 
ing that markers of early B cell activation such as CD69 
and CD 154 continue to be expressed on B cells from the 
periphery of active-SLE patients after treatment with 
anti-CD 154 mAb suggests that the eventual decrease in 
these early-activation markers may be secondary to 
improvement in disease activity of SLE and not a pri- 
mary effect of blocking CD154-CD40 interactions. 

Treatment of active-SLE patients with anti-CD 154 
mAb led to a rapid decrease in serum anti-dsDNA 
autoantibody levels that paralleled the disappearance of 
CD38 bri g ht IC Ig + plasma cells from the circulation. Of 
note, Ig-secreting cells producing anti-dsDNA Ab have 
been previously shown to be dependent on ongoing 
proliferation, since anti-dsDNA Ab levels, but not levels 
of other autoantibodies, can be inhibited by treatment 
with antiproliferative drugs such as cyclophosphamide 
(56-60). These data confirm in vitro experiments that 
demonstrated that CD 154 expression on B cells leads to 
homotypic CD154-CD40 interactions that mediate pro- 
liferation, Ig secretion, and a positive feedback loop that 
results in increased CD 154 expression on B cells (5, 
56-64), as well as in vivo experiments that demonstrat- 
ed that mice transgenic for CD 154 on all cells (65, 66), 
or B cells alone (67), spontaneously developed plas- 
mablasts that secreted pathogenic anti-dsDNA Ab. 

In summary, the current data demonstrate that treat- 
ing active-SLE nephritis patients with an mAb against 
CD 154 inhibits disease activity as well as abnormal B 
cell differentiation that leads to the presence of circu- 
lating Ig-secreting cells and serum anti-dsDNA Ab (39). 
Of note, anti-cardiolipin levels, anti-nuclear antigen 
(ANA) titer, and total serum Ig levels did not change 
significantly with treatment (data not shown) (40). 
Flow cytometric analysis of peripheral B cell subsets in 
active-SLE patients, defined by IgD, CD38, cell cycle 
status, and the presence of IC Ig, demonstrated that the 
disappearance of Ig-secreting cells in the periphery was 
associated with decreases in anti-dsDNA Ab levels, pro- 
teinuria, and SLEDAL Together, these observations 
indicate that in vivo CD154-CD40 interactions drive 
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SLE disease activity and aberrations in the peripheral B 
cell compartment of active-SLE patients. 

Although this hypothesis would be stronger following 
testing in a larger, properly controlled clinical trial, the 
findings are consistent with published preclinical work 
and suggest that CD154-CD40 interactions should be 
a central target of therapy in SLE. Moreover, the associ- 
ation between normalization of B cell subsets and clin- 
ical improvements in disease activity, in addition to the 
complete remission of the two patients treated with the 
longest course of humanized anti-CD 154 mAb, strong- 
ly suggests the benefit of further exploring this treat- 
ment in active SLE. Since anti-CD 154 treatment was 
associated with an increased frequency of thrombotic 
events in treated patients, the goal would be to develop 
a safer means to test the hypothesis generated by these 
and previous studies. The mechanism of thrombosis is 
not understood, although CD154-CD40 interactions 
involving activated platelets (68-73) and endothelial 
cells (74-89) in persons with underlying vascular disease 
may play a significant role. The use of another mAb to 
CD154 (24-31; IDEC-131) in SLE was apparently not 
associated with an increased frequency of thrombosis, 
although minimal efficacy was also noted (90, 91). To 
find a safe and effective means to block CD154-CD40 
interactions in active-SLE patients remains a challenge. 
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